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Introduction.

These researches are based upon collections made in

various parts of North America during the last few years.

The paper. completes the account of all species of the Terri-

colide families mentioned, on hand at the time of going to

press. There remain to be worked up some new species of

Diplocardia from Nebraska, received from Professor H. B.

Ward, and some very interesting species of Benhamia and

Ocnerodrilus, collected by Mr. Robert E. Snodgrass on the

Galapagos Islands and on Clipperton Island. These speci-

mens were received too late to be described in the present

paper.
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An account of the family of Enchytraeidse, of which

there are at least over fifty new species on the Pacific Coast,

is now under way and it is expected will be finished during

the coming year.

The author is under great obligation to those who have

contributed to his work by presenting specimens. Among
those who have thus aided in making known our interesting

and important fauna of Oligochaeta are: Professor Albert

Koebele of Honolulu, Hawaii; Professor C. H. Gilbert and

Mr. R. C. McGregor of Stanford University; Dr. H. W.
Harkness and Mr. Alexander Craw of San Francisco;

Professor C. H. Tyler-Townsend of Las Cruces, New
Mexico; Professor Frank Smith of Champaign, Illinois,

and Messrs. Brimley Brothers of Raleigh, North Carolina.

GEOSCOLECID^.

Pontoscolex Schmarda.

Pontoscolex corethrurus(^7^r. MuHer )mexica.nus, subsp. nov.

Plate V, Figs. 1-16; Plate VI, Figs. 17-23; Plate VII, Figs. 24-26,35-37.

DeJiniHon. —hength 95-110 mm. (those from Baja California 200 mm.);
diameter 3-4 mm.; somites 145-212. Setce bifid, slightly ornamented; setae

c and d wider apart in II than they are in III and IV; setae c in II in line

with d in III; setae d^ in II more dorsal than setae d in III and IV. Penial

setae with eight or nine pockets at apex. Prostomium present, but retract-

ile; mouth at apex and terminal. Caudal zone 28-76 somites from tail-end,

and 107-118 somites from the head. Clitellum in XV-1/4 XXIII. Tubercula
pubertatis in XIX-XXII. Gizzard in VI. Sacculated intestine commences in

XVII. Calciferous diverticles in VII, VIII, and IX. Spermathecal pores
in the posterior part of VI, VII, VIII, but the main body of the spermathecae
respectively in VII, VIII, IX. The spermathecal duct about five times longer

than the pouch. Nephropores in line with setae c and d in all somites except
III, where they are absent, and in II, where they are slightly more ventral

than in c. Hearts in XI and XII. One pair of testes in XII. One pair of
sperm-funnels in XII. Ovaries in XIII; oviducts in XIV. One pair very
long, dorsal sperm-sacs extending to the posterior part of the clitellum.

Spermiducal pores in the anterior part of XXI. Septal formula:

—

III/IV, O, O, VI/VII, VII/VIII, VIII/IX, O, X/XI.

No additional capillaries in the caudal zone.

(i) December 14, iS
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Habitat. —Mexico and Central America.

This worm was found to be very common in the

coast territory from the Cape Region in Baja California

through Mexico, Guatemala, and Salvador in Central

America. Specimens are represented from the following

localities in Baja California: Todos Santos, Miraflores,

San Jose del Cabo and all parts of the Cape Region.

(Eisen 21.) Todos Santos is the most northern point

where the species was found, and it is doubtful if it

extends further north. It has not been found in Cali-

fornia, U. S. A. In Mexico I have collected specimens in

abundance at Mazatlan, San Bias, and Tepic. As the lat-

ter place is over 4,000 feet above the sea, it will be seen

that the species possesses a great vertical range. I do not

think, however, that it occurs in localities subject to frosts.

In Guatemala, Salvador and Honduras, the species extends

from the Atlantic to the Pacific. The Cape Region speci-

mens are all from the lowlands. They are larger than

those from the mainland of Mexico and from Central

America, but I have found no other distinguishing feature.

The anatomical and histological description given below

is based on specimens from Tepic, taken in the vicinity of

the city. The Central American specimens were not suffi-

ciently well preserved to warrant sectioning, and the Cape

Region specimens appeared to me to be so similar, except

in size, that no effort was made to study their finer anatomy.

Characteristics. —The following points in the structure of

Pontoscolex corethruriis subsp. 'inexicanus are either espe-

cially characteristic of this form or they have not before

been mentioned as belonging to Pontoscolex corethrurus by

those who have previously studied the species.

1. The septum III/IV is very wide and greatly thickened.

2. Tubercula pubertatis are present in somites

XIX-XXII. The glandular cells characteristic of these

organs penetrate into the muscular layers of the body-wall.

3. The spermathecae open into the posterior parts of

somites VI, VII, VIII, but the main pouches are in somites

VII, VIII, IX. The spermathecal pores are thus preseptal.
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4. Set£e c and d in somite II are not in line with set^

c and d in somites III, IV and following; but setee c in

somite II are in line with setae d in III and IV, and setae d
in II are more dorsal than setae d in the other somites.

5. Setae c and d in somite II are somewhat larger than

any other of the anterior setae.

6. The spermathecae are much longer than those figured

by Perrier. The duct is about four and a half to five times

the length of the pouch and about one-third its width,

7. There are no extra blood capillaries in the caudal

zone, such as those described by Horst in his account of

Pontoscolex corethrurus.

8. The male pore is on the anterior part of somite XXI
and not in the intersegmental groove. Whether this is a

constant feature I am unable to say. The pores are not

visible from the exterior.

9. There is a large prostomium which is generally

found retracted in preserved specimens.

10. The caudal zone is characterized by a large number

of what seem to be sense-cells without terminal sense-hairs.

11. In the anterior part of the anterior somites the

longitudinal muscular layer is separated from the trans-

verse muscular layer by vacuoles traversed only by isolated

strands of mixed muscular tissue.

Affinity. —After a consideration of the foregoing pecu-

liarities in structure, the question naturally arises whether

the form of Pontoscolex from Tepic and Baja California is a

variety, a subspecies, a distinct species, or, perchance,

identical with the Pontoscolex corethrurus described b}'^ a

number of investigators. With our present knowledge of

the anatomy of the type-specimens of P. corethrtirus and

of those specimens from other localities which have been

referred to this species, this question cannot be satisfactorily

answered without a re-examination of all the types. The
descriptions given by the various investigators either differ

considerably from each other in essential points, or they are

insufficient to enable one to satisfactorily determine a speci-

men. Dr. Rosa (i) has, as is well known, endeavored to
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harmonize all the conflicting statements and descriptions,

and has expressed the opinion that all refer to one single

species, which must then be known as Pontoscolex core-

thrurus (Fr. Miiller). Horst and Beddard, who are the only

other investigators of this species, readily coincided with

the views expressed by Rosa; and Beddard, in his large

monograph on the Oligochseta, has joined the variously

described species, UrochcBta hystrix, U. duhia and Ponto-

scolex corethriirus, under the one head, P. corethriirus. I

do not concur with them in this arrangement, as my speci-

mens differ from those described by Beddard in at least one

very important point, namely, the location of the spermathe-

cal pores. Beddard distinctly states (45) that " the aper-

ture is in each case placed quite close to the anterior margin

of the segment." In another place he states that the sperm-

athacae are in segments VII, VIII and IX. It can only

be understood from this that the pores are situated in the

anterior parts of VII, VIII and IX, and near to the anterior

margin of the respective segments. In my specimens from

Mexico, the pores of the spermathec^ are preseptal, that

is, they are situated in the posterior part of the somites,

which character I think is of sufficient importance to be of

specific value. If, after re-examination, the postseptal posi-

tion of the spermathecas in the species examined by Bed-

dard, Rosa, and Horst proves to be constant, then there

will remain no doubt as to the specific difference of my
Mexican specimens.

A re -examination of the various specimens described as

Pontoscolex corethruriis is, therefore, highly desirable, and

until this is made the question of the distribution of Ponto-

scolex cannot be finally settled. There is every reason to

believe that several additional species of Pontoscolex will

soon be found. In his monograph on the Oligochasta, Bed-

dard recognizes the following species: P. corethriirus (Fr.

Miiller), P. arenicola Schmarda and P. hawaiiensis Bed-

dard. To this number has recently been added another,

P. Lilljehorgii (Eisen 19). The fact that we possess

four distinct species of Pontoscolex argues very strongly
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against the supposition that UrochcBta hystrix, U. diihia and

Pontoscolex corethrurics are one and the same species.

Following will be given a detailed description of Ponto-

scolex corethrurus subsp. mexicanus.

External Characters.

Size. —(figs. 1-6.) The average length of the Tepic

specimens is much less than that of the specimens from the

Cape Region. The largest of them average iii mm., the

smallest 95 mm.; the width in front of the clitellum at the

narrowest part is about 3 mm. Specimens from the Cape
Region measure 200 mm. in length, with a diameter of 4
mm. The number of somites in the Tepic specimens

ranges between 145 and 212. Figure i represents a spec-

imen natural size, narcotized and preserved in alcohol.

•The specimen is not, however, as extended as when crawl-

ing about during life.

SelcB. —The anterior set« are strictly paired and the

dorsal set£e are likewise paired till they reach somite XII,

where they begin to separate a little, continuing about

equidistantly in XII, XIII and XIV, and running only

slightly deltoid. In XV they separate more, and in XVIII
they are at the greatest distance apart, continuing to remain

the same to about somite XLII. In or near this latter

somite setse c continue in a straight line to the caudal zone,

or for about 44 somites from the tail-end. From the caudal

zone to the tail-end the arrangement of the set£e is quin-

cuncial, in the same manner as has so often been described

and figured by various investigators. The difference in the

size and location of the setae in somite II (figs. 3 and 4) has

already been mentioned.

There is a difference between the penial setse of my
specimens (fig. 7) and those figured by Perrier. His fig-

ure represents a penial seta with sixteen cup-shaped depres-

sions, while the setae of myspecimens have only eight or nine.

Anter'tor Somites. —(figs. 2, 3, 4.) Although Horst (17)

has shown that there exists a real prostomium extending
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beyond somite I, Beddard (86) has nevertheless found it

necessary to question the presence of this lobe. Thus we
find in his definition of the species, " prostomium absent."

My sections show conclusively that Horst is correct in

his statement, and that a prostomium is really present,

though it is of small size (supposing, of course, that my
Mexican specimens do not differ in character from those

of Horst, or that Beddard and Horst really examined the

same species, of which I am not convinced).

The prostomium is frequently retracted, and in specimens

which have been directly immersed in alcohol it is probably

always retracted to such an extent that it cannot be seen

from the exterior. In figs. 2 and 3 the prostomium is shown

as seen from the lateral and ventral sides ; in fig. 4 it is

seen retracted. This peculiarity probably accounts for the

statements of various authors as to its presence or absence.

The inner, anterior lips (fig. 9) of the prostomium are

distinct and swollen, showing a bilobed apex. The entrance

to the alimentary canal begins between the two lobes.

Somite I is much wider dorsally than ventrally, as shown

in fig. 9. The surface of the posterior part of somite I is

sulcate in the direction of the long diameter of the body,

and the whole of somite H is similarly sulcate and rugose

(figs. 2-4). Somite II is much wider than somite III and

slightly wider than the dorsal part of somite I. Somite II is

the most anterior somite having set^. The anterior somites

increase in width towards IX, and somites VI-IX are gen-

erally much shorter and more prominently ringed than the

others. Somites X to XIV are of almost the same size, and

the middle ring of each of these somites projects much less

than do those in the anterior somites.

Clitelluni. —(fig. 5.) The clitellum begins with somite

XV and extends through one-fourth of XXII. It is well

defined, especially with the beginning of the anterior part

of somite XV. Anterior to this, the body is narrower than

in somite XV and those following.

Exteriorly viewed, the clitellum is saddle-shaped, but

there is a continuous row of clitellar cells even on the
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ventral side of the body. This ventral zone is quite narrow,

gradually increasing in width towards the tubercula puber-

tatis (fig. 5).

Caudal Zone. —(fig. i.) The location of the caudal

zone varies considerably in different individuals, as may be

seen from the following table of specimens taken at random
from the collection from Tepic. The numerals indicate the

number of somites from head to zone and from end of zone

to end of tail, etc.

Total.

191

189

195

170

160

162

117

212

145

As will be seen from the above table, the caudal zone

generally consists of from five to seven somites, the number
differing according to its location. The distance from the

clitellum is more constant than the distance from the tail-

end. The former varies from 107 to 118 somites, the latter

varies from 28 (or none) to 74 somites. The two specimens

with the very short tail may have had a portion broken off;

still the variation is such as to clearly show that the distance

to the tail-end is the least constant one. The structure of

the caudal zone will be referred to later.

Tubercula Pubertatis. —(figs. 19, 20.) The continuous

elevated ridges constituting the tubercula pubertatis have

already been referred to as occupying somites ^ XIX-
y^ XXIII. They begin in the center of XIX and end in the

center of somite XXIII. Cross-sections show that this ridge

is a true tubercula pubertatis organ, being composed of the

same kind of glandular cells as are found in other genera,

such as Sparganophilus and Benhamia, and which have also

been figured by Beddard, Benham and others. There is
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a great similarity between the structure of these tubercles

in the present species and those found in S^arganophilus.

The glandular cells (fig. 20) are long and narrow, pear-

shaped, or oblong and club-like, with round nuclei near the

wide distal apex. Between them are also found other

glandular clitellar cells, as well as a few hair-tipped sense-

cells. The most interesting feature of these true tubercula

pubertatis cells is that they extend through the two muscu-

lar layers of the body-wall to the coelomic epithelium, but

do not penetrate into the coelomic cavity (fig. 19). Similar

cells are found in Diplocardia Koebelei.

Beddard has shown that there are, as regards structure,

two kinds of tubercula pubertatis. In one of these the

glandular cells extend into the coelom, as in Perichceta,

while the other kind is associated with glands which do not

extend into the coelomic cavity, but which are confined to

the epidermis. Beddard's suggestion that this morpholog-

ical distinction may not prove to be of very great importance

is undoubtedly correct. In Pontoscolex we find that these

glands are intermediate between the two extreme types.

In a very few instances I have observed one or two of

them penetrating the coelomic epithelium, which makes

the transition all the more complete, and proves what

has already been suggested (Eisen 18), that in the ter-

restrial Oligochseta the tubercula pubertatis are always of

the same morphological nature, whether their exterior forms

take the shape of ridges or papillae; also that the differences

consist principally in the size of the glands and in the num-

ber of sense-cells between them. In Pontoscolex these

sense-cells are few and small; they are never found on the

ridge of the papillae, but are confined to a narrow groove on

either side, very much as in Sparganophtlus. The tips of

the sense-cells project through the cuticle; they are knob-

like, appearing very much like minute pin-heads, and are

about as long as the cuticle is deep (fig. 20)

.

The tubercula pubertatis glands do not immediately join

the clitellar glands. There is a narrow zone of narrow

glandular cells which separates the tubercula pubertatis

ridge from the regular clitellar cells (fig. 20).
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Internal Characters.

Body-wall. —(figs. 11, 17, 20.) In a longitudinal section

of the body-wall we may readily observe how in the anterior

somites the muscular layers are arranged in a characteristic

manner. The general rule in 01igoch£eta is for the two

muscular layers to be rather closely superposed, continuing

in the same intimate relation throughout their length. In

all the anterior somites of Pontoscolex the distance between

these two muscular layers varies, even in various parts of

the same somite. Thus, in the posterior part of one of these

somites, beginning at the center, the two muscular layers

are, as usual, placed one on the other, with no prominent

space between. In the anterior part of the same somite the

two layers are not so placed, there being large open spaces

between them, separated only by narrow muscular strands

(figs. 9, 17). The most anterior somites are most differen-

tiated in this respect, the posterior ones the least so, and

between these two extremes there is a series of intermediate

grades. Thus, in somites II to VI there are six small open-

ings; in VII to IX, five openings: in X, four openings; in

XI, three; in XII, two; and in XIII there is but one. It

is not claimed that these numbers are always constant, but

they were the same in the three specimens which I sec-

tioned up longitudinally. In the posterior somites, begin-

ning with XIV, the two muscular layers are as intimately

superposed as in most other worms.

Wemay also note another peculiarity of the epidermis,

namely, the absence of unicellular glands in the anterior

part of the somites lying furthest anteriorly. Even in the

other somites it is found that the posterior part contains

more unicellular glands or goblet cells than the anterior

part (figs. II, 17). These glands are of two kind, judging

from their staining qualities. In almost every longitudinal

section there will be found one or two unicellular glands

which stain reddish with such stains as toluidine or thionin

;

while all the other glands take a bluish stain. The position

of the reddish staining glands appears to be quite constant

in the posterior part of the somite.
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Auditory Cells. —(figs. 98-1 11.) In a previous paper

(Eisen i>9) the auditory cells have already been described

in detail. After these investigations were completed, how-

ever, a few very young specimens of Pontoscolex from

Tahiti were received through the courtesy of Mr. Alexander

Craw. As the worms were alive when brought to me,

opportunity was afforded for careful fixing, and the study

of these specimens has enabled me to settle some points

which were left in doubt in the former paper. Especial

reference is made to the very minute structures found in

every auditory cell, which the author described as nerve-

endings or nerve-plates. This decision does not now appear

to be correct, however. The new methods of fixing have

made it possible to more clearly demonstrate their minute

structure.

In a former paper on the blood of Batrachoseps (Eisen

21) the name archosome was suggested for the structure

composed of centrosome and spheres, and in the following

descriptions this term will be used to designate the struct-

ures which were at first supposed to be nerve-plates. They

are not situated on or at the surface of the cell, but in its

interior, about half way between the nucleus and the cell-

wall. The archosomes are of varying size: some are very

small (possibly due to a state of shrinkage) and show no

interior structure ; others are comparatively large and are

distinctly differentiated. The largest archosomes appear

as a flat disc, as large or larger than the nucleus of the

cell. Between these two extremes there is a series of inter-

mediate sizes and forms. But, small or large, the archo-

somes always appear to be surrounded by a defining mem-
brane which is very sharply defined in the largest of them.

The archosomes, even in the small cells, are frequently

unequal both in size and form (figs. 100, loi) ; more rarely

they are of the same size (figs. 99, 109, 102, 106).

In each archosome there are nearly always two defin-

able zones, one interior to the other. The outer of these

zones, which is much the larger, I identify as the archo-

plasm or centrosphere (Eisen 20). In this sphere there
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may be seen one or more dark-staining dots, the centro-

somes, surrounded by a more or less diffused zone or

sphere, —the somosphere (Eisen 20). The latter is either

star-like, as in fig. 106, or well defined and spherical, as in

figs. 105 and 106. In some archosomes I have found two

separate somospheres, each with one or more centrosomes.

In fig. 107 one of the somospheres in a is much larger than

the other and contains two centrosomes connected by a

dark band. In the specimens from Tahiti, I have never

found a cell in which more than two archosomes could be

identified with certainty. Their position in the cell is very

constant, always below the nucleus, close to the central

cylinder of cytoplasm, which projects from the nucleus

downwards. In a specimen from Mexico, four or more

archosomes (Eisen 19) were found in some of the cells.

The radiations which are frequently seen projecting from

the archosome and which are, sometimes, as clearly defined

as fibers are probably of strictly cytoplasmic nature and

possess, perhaps, the function of supporting the archosome.

As regards the other structures of these cells, I can add

but little to the previous descriptions. The cytoplasmic

agglomeration designated as otosome is easily fixed with cor-

rosive sublimate or alcohol, but not so well with other fixa-

tives. It cannot be demonstrated in every cell. The very

fine plates supporting the cytoplasmic cap above the nucleus

(fig. 98) are rarely satisfactorily stained except by the

Benda iron-hgematoxylin method.

Finally, mention must be made of a most peculiar form

(fig. 100) of archosome which the author has observed

only a few times. Its shape is that of a long sausage-like

body of reticulated structure throughout, in which are seen

several dark-staining granules, especially at the poles. Its

location is always the same as that of the other archosomes,

among which it appears to be an unusual or abnormal form.

As regards earlier observations of the otosme, I find that Dr.

Horst (17) distinctly but faintly outlines this body (fig. 37,

Tab. IV,) but makes it appear as though connected with

a tube running between the cell and the cuticle. He does

not refer to it in the text.
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Caudal Zone. —(figs, i, 21, 22,) The location of this

zone has already been described. It has been generally

known as the "zone of growth," almost ever since it was

so called by Schmarda. The zone of growth was first

referred to as such by Fritz Miiller, and since his time

every investigator who has had an opportunity to study

this interesting genus has speculated upon the significance

and purport of this unusual structure. Fritz Miiller and

Beddard are of the opinion that the zone of growth is a

place where new segments originate and where they may
be most readily renewed. Beddard assumes that this

swollen zone will easily break, and that at this point rapid

segmentation is possible.

Horst (17) does not share Beddard's opinion. He points

out that the zone is characterized by a large number of

capillaries and figures these vessels (Tab. IV, fig. 40),

but suggests no special use for them in this region. Upon
what feature of the zone Beddard founds his theory of

regeneration is not quite evident. Out of many hundreds

of specimens of Pontoscolex collected by the writer, only

one was found in which the caudal zone forms the terminus

of the body, and here it is evident that the tail-end has been

lost. I do not find, however, that Pontoscolexis more easily

torn than other worms, and cannot see how the above the-

ory explains the formation of this extraordinary structure,

as far as known, only once paralleled elsewhere. I have

sectioned a number of these zones of growth but have yet

to find a single cell in mitosis, though the specimens were

young and undoubtedly growing. This certainly seems to

indicate that if the caudal zone is a place for active growth,

the activity is apparent only under certain conditions, as

when the tail is being regenerated, as suggested by Bed-

dard. But if regeneration of the tail of Pontoscolex is an

occurrence so common that a special organ is required for

the work, we should expect to find a large number of

worms with broken tails, which is not the case.

In regard to this zone, I can only say that the specimens

examined by Dr. Horst differ materially from those I have
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Studied. While Dr. Horst has found an increased number

of blood capillaries in the zone, I, on the contrary, find the

zone to be remarkably free from blood-vessels in the epi-

dermal layers. The long row of capillaries seen in Horst's

figure does not appear in my preparations, and there is

certainly nothing easier to demonstrate in an Oligochgeta

than blood-vessels, large or small.

The caudal zone is characterized by the very narrow

segments of which it is composed. Any other portion of

the worm of an equal length contains only about half as

many segments as the zone itself. This further implies

that the zone contains about twice as many septa and twice

as many ner.ve-glanglia as any other portion of the body,

and is therefore stronger and more sensitive than any

other portion.

The structure of the epidermis of the zone is quite inter-

esting. Horst and Beddard have commented upon the

absence of glandular goblet cells in the epidermis of the

zone, and Beddard has used this as an argument in favor of

his theory of regeneration and growth. Horst (17) has

pointed out that the absence of goblet cells and the presence

of columnar epithelial cells makes a structure different from

that which we would expect to find in a zone of growth,

—

such a one as is found in Nais, Chcetogaster, Lumhricuhis,

etc., —and that there is, in fact, no trace of any embryonic or

primitive features in the zone. If to this is added the fact

that the zone is most regular in the size and number of its

somites, it appears as though very little remains to indicate

that it is a zone of growth and regeneration.

If the histological structure of the epithelium of a seg-

ment of the zone is considered, it is found to consist of two

distinct structures : one of these borders the intersegmental

groove and is composed of uniform, large and regular sup-

porting cells with large ovoid nuclei; the other occupies the

larger portion of the epidermis and lines the outer convex

part of the somite; it contains comparatively few support-

ing cells, but has a large number of cells of a different

nature. In fig. 21 I have endeavored to illustrate this;
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i. gr. represents the part of the epithelium facing the inter-

segmental groove, while ex indicates the convex part. The
great majority of the cells are long and narrow, tapering

from the cuticle.

Figure 22 represents a single cell. Of these cells there

are two different forms: one has a short nucleus in which is

always seen a large central nucleolus; the nucleus of the

other is longer and narrower, generally without any nucleo-

lus. The cytoplasm of the two cells differs; it is agglomer-

ated behind the nucleus in one, but is not so placed in the

other. This cytoplasmic clot stains a brilliant red with thio-

nin, just as do the nuclear chromosomes of the several cells.

The structure of these cells points to a difference in func-

tion also, and undoubtedly they serve a purpose other than

that of supporting cells. I believe them to be some kind of

sense-cells. The free distal ends are drawn out finely and

are frequently seen penetrating the basal membrane separat-

ing the epithelium from the muscular layers, finally losing

themselves among the muscles and connective tissues. The
cells cannot be organs of smell or taste, because they do

not end in sense-hairs; but they are eminently adapted to

function as organs of touch, and are probably especially sen-

sitive to vibrations. Their free ends offer an unusually large

surface to the exterior. The distal ends, which are very

thin, project beyond the regular line of the epidermis

and connect with nerve-fibres. Similar cells are found

among the goblet and supporting cells of the epidermis of

the general body-wall, but they are present there in small

numbers. I also find such cells to be numerous in the

cephalic lobe of many species, a proper location, the prosto-

mium being principally an organ of touch. The decreased

number of supporting cells, the narrowness of the somites,

enabling twice the number of nerve-centers to be present

in the same space, and the great number of " touch cells"

would, therefore, it seems to me, make the caudal zone

especially sensitive to vibration or to touch, and increase

its efficiency as an, organ of touch.
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But what would be the advantage of such a zone? Undoubt-

edly a greater sensitiveness at the point of the tail of the

worm where it projects out of the mud or soil, Pontoscolex

is mainly a mud worm, one ^}^^ca^%, Pontoscolex Lilljborgii^

being Limicolide in its habits. The species under discussion

was found to be common in wet places, —along river banks,

etc., where the mud was barely covered by water.

The least movement of the ground causes the worms to

retire rapidl}^ down the burrows. Like all other aquatic

Oligoch^ta, the favorite position of Pontoscolex is with the

tip of the tail extending above the mud, making the caudal

zone its point of contact with the surface of the soil.

It is evident that were this point especially sensitive it

would be of great advantage to the worm, enabling it to

quickly detect vibrations caused by the approach of birds or

other enemies, and giving it time to retreat into the burrow.

But I believe the caudal zone to possess also another

function of no small importance. It is especially rich in

muscular fibres (fig. 21), much more so than the somites

adjoining the zone. Upon several occasions I have observed

the caudal zone to bulge out and increase in width when
the live worm was touched. This swelling up of a portion

of its body would undoubtedly help the worm to retain its

hold in the ground, and prevent its being easily pulled out.

Protective Sti'uctitres. —Other devices which enable this

worm to retain its hold in the ground are the peculiar vacu-

oles in the anterior somites and the corkscrew twist of the

body. The former enables the worm to suddenly extend

the muscular layers and to hug the soil closer. The cork-

screw twist must serve the same purpose.

The extensive distribution of Pontoscolex would indicate

that it must be unusually well protected. To the protective

organs just described we must also add the intratyphlosolar

canals which enable the typhlosole to discharge into the

intestine; these canals will be described later. To reca-

pitulate, the organs and structures which are especially

favorable to the survival and consequent distribution of

Pontoscolex are as follows: —
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1. The anterior vacuoles in the muscular layers of the

body-wall, which enable the body to suddenly expand and to

cling to the burrow.

2. The caudal zone which partly serves the same purpose

and which also enables the worm to quickly perceive the

approach of enemies.

3. The corkscrew-like twist of the posterior portion of

the body, which enables the worm to more readily cling to

the soil.

4. The auditory cells in the epidermis.

5. The intra-typhlosolar canals, which enable the typh-

losole to evacuate itself into the intestine.

6. The quincuncial arrangement of the posterior setae,

enabling the worm to cling to the burrow with greater

tenacity.

Septa. —(fig. 9.) There are especially thickened septa.

The one furthest anterior is found between somites III and

IV, and therefore bounds the posterior surface of the

very large suprapharyngeal gland. This septum is as thick

as any of the posterior ones. No such septum is figured

by Horst (17, fig. 33), and this further strengthens me in

the behef that the specimens he studied belong to a differ-

ent species from mine. The septa which should be separat-

ing IV/V and V/VI are absent, but the following septa are

greatly thickened. There is no septum between IX and

X, a character which is possibly of generic importance.

SpermatheccB. —(figs. 8, 11.) The spermathec^e of

Pontoscolex corethrurus have more than once been wrongly

located, and nowhere do I- find it expHcitly stated where

and how they are situated. The most important character

of spermathecse generally is the position of the pores. The

pores may be either preseptal or postseptal, and the main

body of the spermathecae is situated either in the same somite

as the pores, or in a somite anterior or posterior to the somite

containing the pores. Beddard's statement that the sper-

mathecse are found in somites VI, VII and VIII has already

been referred to in this paper, Horst (17) in his latest
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paper does not refer to the spermathecal pores, and in an

earlier paper (7) he states that these pores are on the front

margins of VI, VII and VIII, in front of the nephropores.

If this is constant, then the species described by Perrier,

Rosa, Horst and Beddard cannot be identical with my
species, in which the spermathecal pores are situated in the

posterior part of VI, VII and VIII, while the spermathec£e

themselves are in VII, VIII and IX.

Stcprapharyngeal Glands. —(fig. 9.) This very large

mass of glands which discharges into the pharynx extends

backwards to the posterior part of somite III, where it is

bounded by the very thick septum separating III and IV.

From this septum there radiate forward a number of muscu-

lar strands which separate the lobes of the above glands,

and which are, furthermore, attached posteriorly to the

muscular walls of the pharynx. The glands are distinctly

unicellular, each with its own duct, which in many instances

can readily be followed to the pharynx. The discharge

pockets (fig. 10) are globular, with very narrow ducts.

The pharyngeal glands are developed only dorsally. There
are no other septal glands.

Calciferous Divei'ticles. —(figs. 23, 24, 25.) The three

pairs of calciferous diverticles open separately into the

intestine from the posterior part of their respective somites.

Each diverticle opens independently of the others and on

the dorsal part of the intestine. The histology of the

diverticle has already been described in a general way by
Perrier (5), more particularly the vascular part connected

with these organs. I can add only a few details.

The three pairs of calciferous diverticles are similar in

their structure and secretions, the latter being composed of

spherical lime-globules without any characteristic structure.

The secreting cells are narrow and only one layer thick,

with round or oblong nuclei slightly narrower than the cell

is wide. The lime-globules vary considerably in size, the

largest being of the same diameter as the larger nuclei of

the secreting cells. No crystals were found.

( 2 ) December 15, 1S99.
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A cross-section of a calciferous diyerticle shows it to be

composed of layers and hexagonal chambers rather regu-

larly arranged in rows. Between each chamber there is a

tiny blood-sinus. This blood-sinus surrounds the glands on

all sides, but it is larger at certain points. On the exterior

of the diverticle we find blood-vessels with distinct walls.

On the dorsal side of the diverticle the blood-vessels are

covered by chloragogen cells which are characterized by the

manner of their attachment. Instead of being affixed by a

single spur, they adhere to the vessels by means of several

narrow projections (fig. 24). Each diverticle enters the

intestine by a separate ciliated duct, the ciliation continuing

some little distance into the diverticle (fig. 25, Jf). The
blood-vessel supplying the diverticle is directly connected

with the large median, dorsal vessel, a section through this

part showing the two vessels to be continuous and even and

without valves.

There is a continuous blood-sinus in the sacculated intes-

tine in the clitellar somites, which varies greatly in thickness.

The blood is never found crystalized, as, for instance, in

S^arga n oph ilus

.

In somites XVI and XVII the muscular layer of the

intestine is considerably increased in thickness, and is

about three times as wide as usual. The sacculated intes-

tine commences in XVIII. The intestinal epithelium in

somites XVI and XVII is strongly ciliated.

Typ/iloso/e. —(figs. 36 and 37.) This organ is large,

being sometimes twice as long as the diameter of the intes-

tine. It is twisted and folded, but always dorsal. The
blood-sinus occupying the center of the typhlosole is at

certain intervals enlarged, forming globular or oval cham-

bers. The epithelium of the typhlosole consists of rather

short cells of the same nature as the cells of the intestine

proper. The central blood-sinus in the typhlosole is con-

fined by a distinct and nucleated membrane (fig. 36 5).

The typhlosole consists of an enormously enlarged epithe-

lial fold with a central blood-vessel, and is thus not a mere

fold of the whole intestine, as for instance in Al/olodop/iora,
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where the center of the typhlosole is occupied by two rows

of chloragogen cells. In our species of Pontoscolex the

blood-vessel occupies the central part of the typhlosole,

there being no trace of chloragogen cells.

The blood-supply of the typhlosole is derived from the

dorsal vessel in two different ways, alternating with each

other in each somite. One of these methods of supplying

the blood is by a median, perpendicular vessel which dips

down from the dorsal median vessel into the typhlosole.

This vessel is very short. Besides this perpendicular ves-

sel, there are paired lateral vessels which start out sideways

from the dorsal vessel and alternate with the perpendicular

vessel (fig. 35)- They connect more laterally with the

blood-sinus of the typhlosole (fig. 36 a).

Intra-typhlosolar Canals. —(fig. 36.) Throughout the

length of the typhlosole there exist in the upper part of this

organ a great number of internal ciliated canals enclosed by
a muscular investment continuous with the circular muscular

layer of the intestine. These canals, which are short,

occupy the part of the typhlosole situated between the

lateral and median vessels which supply the typhlosole with

blood, as previously described. In transverse sections

passing directly through, or in the immediate vicinity of,

these vessels, no intratyphlosolar canals are cut through;

but as we approach midway between these lateral and per-

pendicular vessels cross-sections of these canals come into

view. Generally there is but one canal, but there may be

two or even three parallel canals, of which one is larger

than the others. These intratyphlosolar canals originate in

the interior of the typhlosole, follow this organ in a parallel

line for some little distance, and then bend sufficiently to

open out into the upper part of the intestine at its junction

with the t5rphlosole (figs. 37, a, h, c). There is no connec-

tion between the canal and the coelomic cavity.

These canals are all of the same uniform structure, —

a

single row of cells with very large nuclei. The cells are

ciliated along the lumen of the canal and resemble those of

the sperm-duct. These canals probably serve as safety
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valves, enabling the typhlosole to discharge superfluous

blood into the intestine. The advantage of such canals is

apparent in a typhlosole of such large dimensions as that of

Pontoscolex.

Chloragogen Cells. —(figs. 24, 26, 37.) The chloragogen

cells of the dorsal vessel are of a different structure from

those of the intestine. They lack the granules possessed

by the latter and they stain less intensely with aniline stains,

such as eosin. The chloragogen cells of the intestine are

much longer on the dorsal side, gradually diminishing later-

ally. The long dorsal cells are separated from each other

by very narrow interstitial cells with narrow nuclei (fig. 37

a). Further down the sides of the intestine no such inter-

stitial cells are found.

Corresponding to the long dorsal chloragogen cells we
find similarly very long epithelial cells on the opposite and

inner side of the intestine (fig. 36) ; they are, however,

slightly shorter than the chloragogen cells. Laterally the

epithelial cells narrow down in the same way as the chlora-

gogen cells on the opposite side of the blood-sinus.

Vascular System. —The dorsal vessel is much enlarged,

occupying about one-fifth of the body-cavity in somites XI
to XVII, though even posterior to the latter segment it is of

considerable size and of nearly the same thickness. The
dorsal vessel is not strictly double, as for instance in Ponto-

scolex hawaiiensis Beddard, but it may be said to be rudi-

mentary double. By this I mean that cross-sections show

that in certain places, probably in the center of the somites,

the vessel is divided through the center by an upright bar,

which undoubtedly represents a diaphragm dividing the

vessel longitudinally. After entering somite X the dorsal

vessel narrows down. The supraintestinal vessel is enlarged

in two or three somites, the enlargement beginning just in

front of the sacculated intestine in XVII and extending for-

ward as far as XII, at which point it becomes much narrower.

There are two pairs of hearts in XI and XII, both con-

nected with the supraintestinal vessel. There is considerable

difficulty connected with the counting of the septa, owing
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to their thinness and intricate folding, but it is certain that

the last heart is found in the same somite as the sperm-

funnel.

Nephridia. —The nephridium is furnished with a coecal

pouch, and is of large size. It is differentiated into two
large wings at the junction of which is situated a bulbous

spinxter (figs. 12-16). The upper part of this spinxter is

ciliated. It consists of a number of closely packed, lamellae-

Hke cells, with lamellated cytoplasm. The coecum leads

into a short narrow duct which opens into a bulbous, gland-

ular chamber. The glandular pouch is present in all

nepridia posterior to the clitellum. The spur is long and
unusually narrow. The windings are much smaller than in

most other nephridia. There is a narrow "bridge" without

cilia. I have not had the time to study out the course of the

canals, but it appears to be more complicated than in Ker-
ria, Argilofhilus and Microscolex, in each of which genera

I have followed them in detail. There are numerous blood-

vessels both in the pouch and the folds, as well as in the

spur; and owing to them and to the numerous muscles

attaching the nephridia to the body-wall, the study of the

ducts is difficult. The nephrostome is of large size, larger

than I have seen in any other nephridium. In form and

structure it resembles the drawing given by Perrier, but the

funnel is always situated in the somite next anterior to the

nephropore. The nephridium is readily dissected out

entire. The most anterior nephridium has the form deline-

ated by Perrier. I can find none of the funnels described

by Beddard as belonging to this nephridium. The peculiar

gland forming an appendix to the central part of the

nephridium consists of several rows of very large bottle-like

cells (fig. 12(5.) with a coarsely granulated secretion which
is so dense as to hide the nucleus of the cell even in quite

thin sections. This granular substance stains intensely

blue with the methylen colors. The cells open into a wide,

common lumen. The inner cells are surrounded by much
smaller cells with distinct membranes, also containing a

coarse granulation, which, however, stains but feebly.
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Lymphocytes. —(figs, no, in.) The lymph of the

coelojnic cavity contains numerous lymphocytes of various

kinds, but principally amoebocytes. The lymph exuded

from the irritated animals consists almost exclusively of

amoebocytes and a few eosinophile cells.

The amoebocytes are of different sizes and forms, some

being perfectly round and showing no pseudopodia, while

others show numerous examples of such amoeboid projec-

tions. Between these two extremes there are numerous

intermediate gradations. One of the most extreme forms

is figured at G., fig. no. The pseudopodia may be broad

or pointed, many or few. The cytoplasm shows in places

a branching or foaming structure (Z^) with concentrations

of greater density in the longer arms. The archosome

(Eisen 20) is more or less well defined and shows at least

two concentrically arranged zones, one exterior to the

other. The interior zone stains darker, and may, perhaps,

be composed of centrosomes. The archosome is often

surrounded by a denser granulated cytoplasm which is

probably homologous with the granosphere. In double

staining with eosin and methylen-blue, the archosome with

the granosphere stains distinctly red, while the balance of

the cell stains blue. The nucleus varies in shape and is

either rounded and even, or polymorphous, as in leucocytes;

but as there are intermediate forms, I conclude that all

belong to the same class of lymphocytes.

Eosinophiles. —These are found in limited number; they

are smaller than the amoebocytes, round, globular, without

any amoeboid projections, and their cytoplasm is composed

of numerous intensely staining globules of erythrophile

nature. The diameter of the eosinophile granules is about

one-twentieth that of the cell itself. The nucleus of the

eosinophile cell is much smaller than that of the amoebocyte.

Microcytes. —(fig. 117.) This name is proposed for very

minute, non-nucleated bodies occurring in large numbers in

the lymph, scattered among the lymphocytes. These bodies

are oval in shape, pointed at both ends, and of different
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sizes. The largest of them are never longer than the short

diameter of the nucleus of the lymphocyte, but they are

generally very much smaller. The majority of microcytes

show a central dark-staining point, while others are appar-

ently homogeneous, with only a shaded center. These

microcytes are scattered everywhere in the lymph and even

among the tissues, and now and then are found even in

the cytoplasm of the amoebocytes. The smallest micro-

cytes in some respects resemble bacteria, but the great

variation in siz^ precludes the possibility of their being

such. It is possible that the microcytes are homologous

with plasmocytes (Eisen 20). I believe they will be found

to constitute regular elements of the lymph.

OCNERODRILIN^.

General Remarks.

There can be no doubt, as Michaelsen has pointed out,

that Beddard's genus Ilyogenia is a true Ocnerodrilide,

the only distinguishing character being the absence of pros-

tates. The same character distinguishes the author's genus

Phoenicodrihis, which, being later than Beddard's genus,

must be withdrawn.

The prostates in Ocnerodrilus vary so much in size and

development that it is difficult to determine when they are

entirely absent. . In Phoemcodrilus tepicensts a trace of the

prostate remains as an atrial chamber near the male pore.

In the closely related species P. taste there is no trace of

this muscular part of the prostate. The former species thus

stands intermediate between Ocnerodrilus and Ilyogenia or

Phoenicodrihis taste. PygtncBodrihis has already been with-

drawn by Michaelsen, but I prefer to retain both Ilyogenia

and PygnicBodrilus as subgenera, to which I have added five

others, each subgenus being defined by several characters.

Most of the African species belonging to group V seem

to differ from all the other species in having the male pores

approximated, a fact which is interesting to note in connec-

tion with Michaelsen's suggestion that the family of Eudril-

inae has descended from Ocnerodrilide ancestors.
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A perusal of the key shows that these subgenera are not

all of the same value. Omerodrilus (sens, str.) differs

from all others in its peculiar sperm-sacs and in the absence

of spermathecse. Enianodrilus and Ilyogenia, on the con-

trary, are more closely related. Nematogenia and Haplo-

drihts are quite distinct and had best be considered as

distinct genera. Nematogenia is especially remarkable on

account of its nematocytes or thread-cells, structures found

in no other oligochseta.

Ocnerodrilus Eisen.

Definition.— SmaW terrestrial or aquatic worms. Set^ eight, paired.

Clitellum includes the male pore in XVII. Pharyngeal and septal glands. A
pair of intestinal diverticles in IX. With or without spermathecag. One or

two pairs of testes. Ovaries in XIII. With or without racemose sperm-sacs.

With or without prostates, which, when present, open with the sperm-ducts,

or, when more than one pair, in the somite immediately behind. Prostate

contains only one layer of cells. No penial setae. Two pairs of hearts. Lat-

eral blood-vessels pass through the intestinal diverticles. Meganephridia

paired, present also in the anterior somites, generally with ccelomic cell-

mantle, sparsely traversed by blood-vessels.

Key to the Subgenera and Species of Ocnerodrihts.

Ocnerodrilus, Leiodrilus, Pygmcsodrilus, Ilyogenia, Enicmodrilus, Nemat-

ogenia and Haplodrilus.

I. Prostates present. Two pairs of testes. No racemose sperm-sacs.

Small, simple sperm-sacs capping the testes. No spermathec^.

Ocnerodrilus Eisen, (sens, str.)

1. occidentalis Eisen.

2.
' occidentalis var. sinensis var. nov.

3. occidentalis var. arizonce var. nov.

II. Prostates present. Two pairs of testes. Racemose sperm-sacs. No
sperm-sacs capping the testes. Spermathecae in IX, without

diverticles.

Enicmodrilus, subgen. nov.

4. Sperm-ducts with a thick muscular investment near the pore.

Spermathecae large and globular. Prostates of medium size.

agricola Eisen.

5. Sperm-ducts with a thick muscular investment near the pore.

Spermathecae long, cylindrical. Prostates thin, below medium

size. Sperm-sacs in IX very diminutive Roscb Eisen.
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6. Sperm-ducts with a thick muscular investment near the pore.

SpermathecEe medium, narrow, cylindrical. Sperm-sacs in IX
large, exteriorly hardly lobed. Prostates thick.

contractus Eisen.

7. Sperm-ducts not thicker at the pore. No setse ab in XVII.

One pair of very diminutive prostates. Spermathecse small,

pear-shaped, without distinct stalk. Sperm-sacs in IX and XII.

Septal glands in V the largest, those in VII and VIII very

small. Margins of setce undulating Hendriei Eisen.

S. Sperm-ducts no thicker at the pores. No setag ab in XVII. One
pair of medium size prostates. Spermathecae large, with short

stalk. Racemose sperm-sacs in IX and XII. Septal glands in

VI the longest. Margins of setae undulating.

coniondui, sp. nov.

9. Sperm-ducts not thicker at the pores. No setae «6 in XVII. One
pair of diminutive prostates. Spermathecce large, with dis-

tinct stalk. Racemose sperm-sacs in IX and XII. Septal

glands in VII the longest. Margins of setae smooth.

santi xavieri, sp. nov.

10. Sperm-ducts not thicker at the pore. No setse ab in XVII.

One pair of prostates in XVII, and one pair in XVIII. Margins

of setae undulating timicola Eisen.

11. Sperm-ducts not thicker at the pores. No setas ab in XVII.

One pair of large prostates in XVII. Setae with even margin,

but with a lunate cavity at apex. Spermathecje medium sized,

constricted transversely at centre. Racemose sperm-sacs in IX
and XII .paraguayensis Rosa {40).

12. Sperm-ducts not thicker at pores. No setae ab in XVII. Setse

with even margin. One pair of small prostates. Racemose
sperm-sacs in XII only. Septal glands in VI the largest.

niexicanics, sp. nov.

13. mexicamis var. hawaiiensis var. nov.

14. Sperm-ducts not thicker at the pores. No setae ab in XVII.

Sets with even margin. One pair of large prostates open on

a very large pair of papillae. Racemose sperm-sacs in IX and

XII. Septal glands in V the largest. Spermathecae stalked,

sac large, globular, and as wide as two ordinary somites.

tuber cutatus, sp. nov.

15. Sperm-ducts not thicker at the pores. No setae ab in XVII.

Male papillae large, surrounded by glandular protuberances pro-

jecting beyond XVII. Prostates large, extending to XXX.
Spermathecae stalked, the stalk with a slight local, lopsided

bulging out of the lumen. Racemose sperm-sacs in IX and

XII Calwoodi MicHAELSEN {27).

16. Sperm-ducts not thicker at the pores. Setae a absent in XVII.

Spermathecae as well as prostates are very large.

Beddardi Eisen.
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17. Sperm-ducts not thicker at the pores. Setae b absent in XVII.

Spermathecae and prostates are very minute.

guatemalce Eisen.

18. Sperm-ducts not thickened at the pores. Setce b absent in XVII.

Spermathecae minute. Prostates large sonorcs Eisen.

III. No prostates. Spermathecae in IX, without diverticles. Racemose
sperm-sacs. No sperm-sacs capping the testes. Two pairs of testes.

Ilyogenia Beddard, (57).

19. No trace of the muscular part of the prostates remaining.

taste (Eisen, 17).

20. A trace of the muscular part of the prostates remains as a small

atrial chamber at the male pore tepicensis (Eisen, 18).

21. No trace of the prostates remains. Ovaries fused in the median

line africana (Beddard, 57).

IV. Prostates present. Two pairs of testes. Spermathecae in VIII, without

diverticles. Sperm-sacs present in X, XI, XII, not racemose.

Leiodrilus, subgen. nov.

22. Eiseni Beddard (20).

V. Prostates present. Spermathecae in IX, with two or more diverticles.

Racemose sperm-sacs. Male pores more or less approximated . Two
pairs of testes.

PygmcBodrilus Michaelsen, (12).

23. Male pores close to the median line. Sperm-ducts thickened

near the pores. Spermathecae stalked, with 2 to 4 diverticles

each bucobensis (Michaelsen ii, 16).

24. Male pores distant from median line. Sperm-ducts with a mus-

cular, globular enlargement at the pore. Spermathecae with a

row of diverticles at the base.

quilimanensis (Michaelsen 12).

25. Male pores close to the median line. One single median sperm-

atheca in IX, with four diverticles.

affinis (Michaelsen ii, 16).

26. Male pores not far from median line. One pair of spermathecae

in IX, with three diverticles.

bipunctatus Michaelsen (16).

VI. Prostates present. Spermathecae in IX, without diverticles. Racemose

sperm-sacs. No sperm-sacs capping the testes. Dorsal pores. One
pair of testes. Rudimentary gizzards in VI and VII.

JVematogenia, subgen. nov.

27. lacuum Beddard (39).

28. lacumn, var. panamaensis var. nov.

VII. Prostates present. Spermathecae in IX, without diverticles. No race-

mose sperm-sacs. One pair of testes. No gizzard. No dorsal pores,

Ha^Iodrilus, subgen. nov.

29. Borelli Rosa (40).
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Subgenus Ocnerodrilus Eisen.

Structure of Sperm-sacs. —The structure of the sperm-

sacs in Ocnerodrilus (sens, str.) is of considerable interest.

In the author's description of the type-species of the genus

no mention is made of the sperm-sacs, nor indeed were they

discovered at that time, an oversight explained by the fact

that in O. occidentalis the sperm-sacs do not project from

the septa, but are mere small caps at the end of the testes.

They are so small, even in fully adult specimens, that it is

only in sections that they can be studied. The structure

will be described under the species O. occidentalis, but I

will here mention that it is identical with that of the sperm-

sacs of the genus Pachydrilus which I have lately had occa-

sion to investigate (fig. 132.)

Although always described as being void of sperm-sacs,

Pachydrilus really possesses them. In this genus the sperm-

sacs are also mere caps of the testes, the latter being multi-

lobed, each lobe carrying its own sperm-sac. This charac-

ter in Ocnerodrilus occidentalis —the lowest species in the

genus —may be an ancestral character retained from its

Pachydrilide ancestors. It is, however, hazardous to place

too much importance on the structure of the sperm-sacs

in a phylogenetic study of a genus, as even in closely

related species they differ widely. Thus in O. Eisem
the sperm-sacs are not racemose, while in the majority of

other species these sacs are racemose and traversed by

trabeculse. In this instance, however, I think that the

small cap-shaped sperm-sacs of O. occidentalis and of Pachy-

drilus point to a close phylogenetic relationship. Another

Enchytr^ide character is found in the diverticles of the

intestine, a character also seen in Eudrilid^, which family

Michaelsen (21, p. 18) claims has descended from Ocnero-

drilide ancestors.

Ocnerodrilus occidentalis Eisen.

Plate XII, Fig. 123.

Definition. —Size 15 mm. Setae ab are present in somite XVII and situated

ventrally to the male pore. No spermathecae. No racemose sperm-sacs, but

small sperm-sacs capping the testes. Two pairs of testes in X and XI.
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Sperm-ducts are not enlarged near the pore. Ovipores in front of and some-

what dorsal to setae b. Septal glands of about equal size. Sacculated intes-

tine in XII. Diverticles of the oesophagus are not divided into chambers.

Prostates, one pair, very thick and large.

Habitat. —The type is from Fresno, California. In the

collection there are also a number of specimens from

Durango, Mexico, collected by Mr. James Ainsa in the

parks of the city, in January, 1899.

It is interesting to note that the specimens from Durango

resemble those from California rather than those from

Arizona.

My former description of this interesting species was

based on dissections and not upon sections, and, therefore,

some characteristics escaped observation. Having since

sectioned specimens from the original locality as well as

from Durango, a more detailed description can now be

given.

Detailed Description.

Set(£. —The ventral setse in the clitellum are a little farther

apart than the corresponding setae anterior and posterior to

the clitellum, the distance a-b being a trifle greater than

the distance c-d. This arrangement is more pronounced in

the Durango specimens.

Sexual Zone. —The specimens from Durango which had

been placed directly in alcohol have in the centre of XVII
a markedly depressed sexual zone, which encloses the two

male papillae. This depression is much less pronounced in

the specimens from Fresno. In the middle of the zone the

two male papillae stand out boldly. The papillse are oblong-

rounded, with a narrow wedge-shaped prolongation towards

the median line. The main part of the papillse is situated

immediately dorsal to the ventral set^ ab, which are both

present.

Septal Glands. —The septal glands, in V to VIII, are all

of about the same size. The species differs in this from the

var. arizoncB, in which the posterior glands, in VIII, are

much smaller than those anterior. The dorsal part of the

suprapharyngeal glands is continuous with the dorsal part of

the septal glands in V.
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Septal formula: —
vTvi, vi/vii, vn/vrn, viii/ix, fx/S, S/Sl, xi/xii.

Diverticles of the Intestine. —The diverticles are not

divided by septa as in some of the other species, but possess

interiorly only a few more or less projecting lobes. In this

respect the species resembles the variety.

Testes and Sperm-sacs. —As has been previously stated,

there are really two pairs of testes in X and XI, each

testis being directly connected with a minute, narrow

sperm-sac which does not extend beyond the somite of

the testes. The sperm-sacs project straight upwards and

the testes are very thin, in cross-section only one or two

cells thick. The sperm-sacs are simple and sac-like, cov-

ered by peritoneum. They are nowhere connected with

the septa, but appear to be simply extensions of the testes.

There are no racemose sperm-sacs as in most of the other

species. The sperm-funnels lie quite free behind the testes

in X and XI and do not stand in direct communication with

the sperm-sacs (figs. 123, 132).

Ocnerodrilus occidentalis Eisen, sinensis, var. nov.

Definition. —Length 25-30 mm., width i mm. Setag ab in somite XVII
are both absent. Sperm-ducts are separated though surrounded by a com-
mon muscular investment, their lumens remaining distinct till they reach the

pore. The muscular investment is not thicker at or near the pore. The pros-

tates are carried forwards (constant ?) as far as somite XIII, and show a slight

bulbous enlargement at the pore. Clitellum, dorsally, XIII-XX; ventrally,

XIV-XIX. Septal glands in V, VI and VII are of equal size; those in VIII

are somewhat smaller. In other respects the variety resembles the species.

Habitat. —Several specimens collected by Mr. Alexander

Craw from pots containing plants brought from China,

The variations from the type which characterize this variety

are slight, but as the specimens come from China it seems

best to describe them as a distinct variety. The most char-

acteristic features, such as the absence of spermathecge and

the peculiar sperm-sac caps which cover the testes, in con-

nection with the absence of other sperm-sacs, show this
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variety to be merely a form of Ocnerodrilus occidentalis.

The septal glands in VII are larger than in the variety

arizon(2.

Septal formula: —
V/VI, VI/VII, VII/VIII, VIII/IX, IX/X, X/XI, XI/XII,

XII/XIII.

Ocnerodrilus occidentalis Eisen, arizonae, var. nov.

Plate XII, Figs. 124-134.

Definition. —Size 15-25 mm. Clitellum 1/3 XIII-1/2 XX. Setag ab in

somite XVII both present. No spermathecae. Testes, two pairs in X and

XI, directly capped by two small sac-like sperm-sacs in X and XI. No race-

mose sperm-sacs. Sperm-ducts not greatly enlarged near the male pore, but

with a slight swelling of the lumen. Prostate and sperm-ducts joining in the

same pore between the longitudinal layer and the epithelium. Prostates

small, not extending beyond the clitellum. Septal glands of unequal size, the

posterior ones much smaller. Diverticles of the oesophagus not divided into

chambers. Sacculated intestine in XII.

Habitat. —Phcenix, Arizona, near irrigation ditches.

Obtained through the kindness of Mr. Geo. A. Treadwell,

October 19, 1896. A number of specimens have since

been received from the same locality, collected by Master

Grant, in January, 1897.

The variety differs but slightly from the species, but I

believe the differences are worthy of being recorded,

especially those concerning the size of the suprapharyngeal

glands.

Ocnerodrilus occidentalis. Ocnerodrilus occidentalis,

var. nov. arizonce.

Septal Glands.

Of about the same size. The most Of different sizes. The posterior

posterior pair of glands not smaller pair of glands is very much smaller

than those anterior to it. than those anterior to it.

Prostates.

Long, extending backward through Short, confined to the clitellar

several somites behind clitellum. somites.

Both species and variety differ from all other species of Ocnerodrilus in the

absence of spermathecce and racemose sperm-sacs.
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External Characters.

Somites. —They increase slightly in size towards XI;
XII and XIII are smaller, and XIII is smaller than XII

;

XIV is larger and from it the clitellar somites slightly

increase in size towards XIX; XX is smaller.

The prostomium slightly divides somite I. It is furnished

with a deep transverse groove in line with the upper margin

of somite I.

The clitelhim extends from the anterior 1/3 XIII-1/2 XX.
It is equally developed on dorsal and ventral sides.

Male -pores are situated on two small round papillae in

XVII, not connected by any special zone. In each papilla

is seen a sac-like lumen, into which open the sperm-duct

and the prostate, which thus unite but do not fuse just

before reaching the exterior. Both setas a and b are pres-

ent at the male papilla, setee a being situated on the side of

the papilla.

Internal Characters.

Genital Zone. —There are no tubercula pubertatis like

those found in Lumbricidas; but I find in the posterior part

of somite XV and in the anterior part of XVII, as well as

in XVIII, a zone in which the glandular cells of the clitellum

are absent. Instead of these we find here a continuous

row (in longitudinal sections) of very short and broad

epithelial cells, characterized by having their frayed distal

ends terminating in a number of long and pointed processes.

Some of them project beyond the muscular layers and can

even be followed to a point where I think they connect with

the ventral ganglion.

The long tubular glands of the clitellum end at the begin-

ning of the genital zone, though the long narrow ducts of

many of these cells are seen to bend inwardly and pass

through the zone. The zone possesses a stratum of longi-

tudinally arranged glands running parallel to the body-wall,

in somewhat the same manner as the spermathecal setae-

glands of Diplocardia Udei. None of these glands open
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into a special chamber, as in the last mentioned species ; but

probably all open into the clitellar region outside of the zone.

There is an abundance of capillaries in the zone, and I

have no doubt but that the zone is of sexual importance.

Its structure reminds us in some respects of tubercula

pubertatis, though there is an absence of true tubercula

pubertatis glands. I could not find any regular sense-cells,

though these occur in bunches in the epidermis of other

somites.

Septal Glands. —There are four pairs of septal glands in

somites V, VI, VII and VIII, the dorsal parts of which

gradually diminish in size posteriorly. The dorsal part of

each gland is much the largest, being broad and square in

longitudinal section, while the ventral part is narrow and

elongated. The glands in V, VI and VII are developed

dorsally and ventrally, but the one in VIII is developed only

on the ventral side of the intestine. These glands are only

about one-fourth as large as the corresponding part of any

of the anterior glands. The ventral parts of the anterior

glands are of about equal size.

The fharynx is sac-like and in the form of a single dorsal

pocket.

The oesophagus !& narrow and straight and enters directly

into the tubular intestine, which is also straight and only

slightly widens between the septa. The diverticles of the

intestine originate in the posterior part of IX. They are

swollen and the part connecting with the intestine is very

broad. The widest part of each diverticle is wider than the

intestine in that somite. The folds in the walls of the

diverticles are quite simple and resemble those of the intes-

tine. Each diverticle has but one cavity, there being no

separate chambers as in Ocnerodrilus Beddardi and in O.

taste.

Septa. —Beginning with septum V/VI the ventral parts

of the septa are a trifle thicker than the dorsal parts.

The first considerably thickened septum is VII/VIII; X/XI

is the thickest. None of the septa are thickened close to

the body-wall or near the intestine.
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Septal formula: —
V/VI; VI/VII; VII/VIII; VIII/IX; IX/X; X/XI; XI/XII.

Testes. —The testes are slender and short, and connect

directly with the minute, sac-like sperm-sacs, which are

only slightly wider than the testes. Each testes has a cen-

tral core of connective tissue, or muscular strands project-

ing from the septum, which I once mistook for a duct.

S-perm-ducts and Prostates. —The ducts join in the ante-

rior part of the clitellum, but their lumens do not fuse until

reaching the anterior third of XVII. After fusing, the

ducts are slightly widened and increase gradually but very

slightly in size until the body-wall is reached, where quite

a little swelling is seen at the point of junction with the

ducts. The sperm-duct joins the prostate before the two

have fully penetrated the wall of the papilla. The pros-

tates do not extend beyond the clitellum. The prostate

cells are of two kinds: those most numerous are composed
of glandular cells with very fine granulations taking the

eosin stain; the others, which are fewer in number, consist

of thin, rather irregular supporting cells, extending from

the peritoneum to the lumen. The latter are probably the

phylogenetic ancestors of the inner layer of cells which is char-

acteristic of the prostate of the higher Terricol^ (fig. 133).

Ovisacs. —The oviducts are long and slender, opening in

front of set« ab. There are two small ovisacs in line

between the oviductal funnels projecting into somite XIV.

Subgenus Enicmodrilus, subgen. nov.

The various species of the subgenus Enicmodriltis may be arranged as

follows:

—

I. Sperm-ducts with a thick muscular investment near the pores.

O. agricola Eisen.

O. Roses Eisen.

O. contractus Eisen.

I' Sperm-ducts without thick muscular investment near the pores.

II. Setae a<5 wanting in XVII.

a. Sperm-sacs only in XII. O. mexicanus, sp. nov.

(3) December 16, 1899.
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a' . Sperm-sacs in IX and XII.

b. Margins of setae undulating. No tubercle at male

pore.

One pair of prostates. O. Hendriei Eisen.

O. comondui, sp. nov.

Two pairs of prostates. O. limicola Eisen.

b' , Setae with even margins, but with a lunate cavity at

apex. O. paraguayensis Rosa.

b" . Betas with even margins. Male pores on large tuber-

cles. O. tuber culatus, sp. nov.

b'" . Setae with even margins. Sexual zone sunk.

O. santi xavieri, sp. nov.

ir Setae a absent in XVII. O. Beddardi Eisen.

11" Setae b absent in XVII.

Prostate minute. O. guatemalcs Eisen.

Prostate large. - O. sonorcB Eisen.

Ocnerodrilus (Enicmodrilus) santi xavieri, sp. nov.

Definihon. —Length 35-40 mm., width i>( mm. Somites about 80. Pro-

stomium divides somite I about one-half. Somite I about twice as wide as

somite II. Setje paired, ventral and dorso-lateral, with smooth margins.

No setae ab in XVII. Clitellum saddle-shaped, XIV->^ XIX. Somite IX
only a little wider than any other near somite. Sexual zone sunk below the

general surface of the body. Male pores on two, hardly elevated, papillae,

in line with setae ai^, rounded. The two anterior septal glands of about equal

length and thickness; the third pair, in VII, is longer, but narrower; the

fourth pair is much the shortest, or about half as short as the third pair.

Spermathecas large, with distinct duct and a pouch with undulating outline.

Two pairs of testes and sperm-funnels. A pair of anteseptal, racemose

sperm-sacs in IX, and a postseptal, racemose pair, in XI. Sperm-ducts, not

thickened near the pores, opening in the same pores as the prostates. The
prostates are hardly wider than the sperm-ducts, straight, and not extending

beyond the centre of XVIII. No dorsal pores. Meganephridia thickly

covered with capillaries; a large coelomic mantle.

Habitat. —This is the most common earthworm and the

only Ocnerodrilide found in Baja California in the vicinity

of Loreto and San Xavier. It occurs there in the moist soil

in every garden and along every irrigation ditch. Collected

June 22, 1899.

Characteristics. —Most of the species of the subgenus

Enicmodrilus are closely related and only the nicest

distinctions serve to distinguish them. O. santi xavieri

differs from O. Hendriei in its spermathecse, which are

much larger, being furnished with a comparatively long,

muscular stalk, which is almost wanting in the latter species.
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From O. guatemalce the species is distinguished by the

absence of setae a in XVII. O. mexicanus has no sperm-

sacs in IX. The diverticles of the intestine are large and
subdivided into longitudinal chambers.

Septal formula: —
IV/V, V/VI, VI/VII, VII/VIII, VIII/IX, TX/X, T/T[.

The spe7'?n-sacs in IX project from the body-wall near

the septum IX/X.

No ovisacs are present.

Ocncrodrilus santi ximicri, spennatheca and prostate.

Ocnerodrilus (Enicmodrilus) comondui, sp. nov.

Definition. —Length about 60 mm., width \% mm. Somites 80 to 90.

Prostomium divides somite I about one-third. Somite I wider than II or

III. Setse paired, with undulating margins and five to six direct, transverse

lines. No setae ab in XVII. Clitellum saddle-shaped, in XIV-XIX. Somite

XIX not wider than the other somites. Sexual zone not sunk, except a trifle

between the papillae. Male pores hardly elevated, round, in line with setas ab.

Septal glands in VII and VIII of about equal width, those in VI the longest,

those in VII a little longer than in VIII. Spermathecae large, broad and with

distinct stalk; the pouch with undulating margins. Two pairs of testes and

sperm-funnels. Racemose sperm-sacs in IX and XII; the former preseptal,

the latter postseptal. Sperm-ducts not thickened at the pores; prostates
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greatly varying in size. In some specimens the glandular part is only knob-

like, while in others it is much longer and folded, but does not extend

beyond somite XIX. Meganephridia very large, as wide as the somites,

the posterior ones with ccelomic mantle.

Habitat. —This species is abundant in the valley of

Comondu in the central part of Baja California, Mexico.

It is the only Ocnerodrilide found there in the irrigation

ditches and in wet soil generally. Collected June 25, 1899.

Characteristics. —The absence of setae ab in XVII and

the undulating margins of the setae bring O. comondui near

to O. Hendriei, from which it differs in having the sperm-

sacs in somite IX strongly racemose, and in the form of the

spermathecae and the sizes of the respective septal glands.

The difference between O. comondui and O. santi xavieri

is in the undulating margins of the former and in the nephri-

dia, which are relatively larger than those in the latter

form, as may be seen by examining the specimens exte-

riorly. It is also a larger and especially a thicker worm.

The septal formula, differing from that of O. santi

xavieri, is as follows :
—

IV/V, V/VI, VI/VII, VII/VIII, VIII/IX, IX/X,

X/XI, XI/XII, XII/XIII.

sperm-sacs. —The racemose sperm-sacs in IX do not

project from the septum forwards, but spring from the body-

wall a little in front of the septum on the dorsal side of the

body. This is also the case in Ocnerodrilus santi xavieri,

and perhaps in other species.

The sperm-ducts open in the same pore as the prostates,

but do not enter them.

The prostates vary more in size than in any other species so

far known. In some specimens the glandular part consists

merely of a knob-like body, while in others the glandular

part is several times as long as the muscular part and

extends through somites XVII and XVIII. But as I could

see no other differences, both these forms are for the pres-

ent referred to one species.

No ovisacs are present.
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Ocnerodriltcs coiuottdui,

spermatheca and prostate.

Ocnerodrihcs santi xavieri,

prostate.

Ocnerodrilus coiiiondui, prostate.



124 CALIFORNIA ACADEMYOFSCIENCES. [Proc. 3D Ser.

Ocnerodrilus (Enicmodrilus) limicola Eisen.

Ocnerodrilus limicola Eisen, Proc. Cal. Acad. Sci., 2d Ser., Vol. Ill, 1893,

P- 254.

SetcB. —As Beddard has expressed doubt as to the exist-

ence of setge ab in somite XVII, I have re-examined the

type and find these setge to be really absent.

Ocnerodrilus (Enicmodrilus) mexicanus, sp. nov.

Plate XIV, Fig. 159.

Definition. —Length 45 mm., width i mm. No specialized genital zone.

The prostates and sperm-ducts open on a pair of small papillae in XVII,

in line with setae ab. Setae ab in XVII are absent. Setae strictly paired and

smooth. Clitellum complete. Spermathecae, one pair in IX, small, with

warty and wavey apex and without diverticle. Sperm-sacs in XII, large and

racemose. Sperm-tanks in X and XI. No racemose sperm-sacs in IX.

Testes in X and XI. One pair of prostates in XVII confined to one somite;

they are small and slender, the glandular part hardly thicker than the muscular

part. The sperm-ducts open in the same pore as the prostates. The sperm-

ducts are slender and not enlarged at the vicinity of the pores. Septal glands

in V to VIII; the glands in VI are the largest; those in VIII the smallest.

Sacculated intestine commences in XII. The diverticles of the intestine are

long, extending through the whole somite. The nephridia are all furnished

with a coelomic mantle; they are larger from somite XIII posteriorly. The

coelomic mantle consists of two large flat folds overlapping each other in such

a way as to appear as one single square mantle occupying the whole width of

the somite.

Habitat. —Mazatlan, Mexico, in garden soil.

This species belongs to the group in which the lower part

of the sperm-ducts is not enlarged. It differs from O.

Hendriei in having the septal gland in VI by far the largest,

and in the absence of racemose sperm-sacs in IX. It differs

from O. limicola in having a larger gland in VIII and only

one pair of prostates.

Ocnerodrilus (Enicmodrilus) mexicanus Eisen,

hawaiiensis, var. nov.

Plate XIV, Figs. 170, 171.

Definition. —Characters similar to those of the species except in the follow-

ing: The sperm-sacs in XII are very large, filling the whole coelom, but they

are only very slightly racemose. The spermathecae are very large; they
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extend to the dorsal wall of the coelom and there is a deep constriction at the

center; otherwise the shape is that of the variety. The prostates are very

long, extending through ten somites beyond the male pores. Septal formula:

V/VI, VI/VII, VII/VIII, VIII/IX, IX/X, X/XI, XI/XII, XII/XIII,

XIII/XIV.

Habitat. —Honolulu, Hawaii; from soil in pots of plants

from the island. Collected by Mr. Alexander Craw.

The nephridia also differ somewhat from those of the

species. The ccelomic mantel has the form of a very thick

S with the dorsal lobe much thicker than the lower lobe.

Ocnerodrilus (Enicmodrilus) tuberculatus, sp. nov.

Plate XIV, Figs. 155 and 156.

Definition.— 'Len^ih. 30 mm., width 2 mm. Somites 104. Prostomium

divides somite I into halves; the somite is broader than those behind. Setae

paired, ventral and dorso-lateral with smooth margin. No setae ab in XVII.

Clitellum saddle-shaped, in XIII-XIX. Somite IX twice as wide as any other

somite. Male pores open on a pair of very large papillce in line with seta; ab

in XVII; papillce with the body-wall about one-third as long as the body is

wide. The three anterior septal glands of nearly equal size, slightly diminish-

ing in depth posteriorly; those in VIII the smallest. Spermathecae, one pair,

postseptal in IX, stalked, with a very large globular free apical part. Two
pairs of testes and sperm-funnels. Sperm-ducts not thickened at the male

pores. Prostates large, extending as far as XXIV. Sperm-sacs large, race-

mose in IX and XII. No dorsal pores. Meganephridia covered with a few

coelomic, glandular cells which, however, are not in sufficient quantity to con-

stitute a mantle. Anterior nephridia without such cells.

Habitat. —The City of Guatemala, Central America.

This species is readily distinguished externally by the two

very large male papillae which are much more prominent

than those in any of the other Central American or Mexican

species described so far. The incomplete clitellum and the

large size of the worm is also characteristic. The single

specimen had become discolored and resembles an Acan-

thodrilid in the shape of the body.

Detailed Description.

The most prominent feature exteriorly is the two male

pafillcB replacing the ventral pairs of set« in XVII. The

base of the papilla is much sunk below the general surface,
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causing it to protrude from a cavity. The apex of the

papilla is furnished with a small pit into which open the

sperm-ducts and the prostate, immediately adjoining each

other. The spermathecal pores and the ovipores appear

to be in line with the ventral setae.

Septal formula: —
vm, vi/vii, vii/viii, viii/ix, Ix7x, x/xi, xi/xii,

XII/XIIL

Septal Glands. —The glands in V are the thickest, the

others diminish in thickness posteriorly, so that those in

VIII are thinnest. The length (in the direction of the short

diameter of the body) of the respective sperm-sacs is,

however, very nearly the same.

Intestine. —The tubular intestine is narrow and tubular,

its outer walls being parallel where they pass the septa.

Between the septa the respective parts of the intestine are

greatly bulged out or beaded. The chylus diverticles in

IX are long and slender; they originate in the posterior

part near the posterior septum. Sacculated intestine com-

mences in XII.

Sfermathecce. —The spermathecee are postseptal, opening

half-way between the setse and the septum VIII/IX. Their

lower or muscular part is cylindrical and very thick, occupy-

ing the whole width between the setse and the septum. The
length of each is about one-fourth the diameter of the coelom.

The upper sac is irregularly globular and hangs down over

the posterior side of the muscular part, giving the organ

somewhat the shape of a smoking pipe. This greatly inflated

sac is as wide as two ordinary somites and reaches to the

center of the coelum. The large size of the spermathec^ so

increases the size of somite IX that its width is that of two

ordinary somites. There is no diverticle.

S-perm-sacs. —The racemose sperm-sacs in IX and XII

are of the regulation type and very large, filling the whole

of the somites. They have comparatively few lobes, these
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being correspondingly large. Large sperm-masses in X
and XL

Sperm-ducts and Prostates. —The sperm-ducts are thick

but without any thickened muscular investment. When
the ducts enter the papilla they actually narrow down. The
prostates are thick and rather straight, the glandular part

running back some eight somites. The sperm-ducts and

the prostates open at the very apex of the papilla, side by
side, the sperm-ducts immediately in front of the prostates.

Just before the ducts enter the papilla they do not quite

equal in width the muscular part of the prostate. The
ducts may be seen running close together within their com-
mon investment and do not fuse until they reach the most

external pore.

Subgenus Nematogenia, subgen. nov.

Ocnerodrilus (Nematogenia) lacuum Beddard,

panamaensis, var. nov.

Plate IX, Figs. 55-65, 114-116.

Definition. ^l.engih. 55 mm., width at clitellum 2 mm. Somites 1 10-120.

Setae strictly paired. Dorsal pores present, tliose in the clitellum surrounded

by a wider depression. No setee ab in XVII. Clitellum in 1/2 XV-1/2 XXII.
Septa V-X thickened. The two anterior septal glands well developed, the

three posterior ones minute. Gizzards two, very small, in VI and VII; sac-

culated intestine begins in XIII. Nephridia commence in III, those poste-

rior to the clitellum with ccelomic mantle. Spermathecse very large in IX.

One pair of tests in XL One pair of sperm-funnels in XI. Racemose sperm-

sacs in XII. Ovaries in XIII. Oviducts in XIV. Sperm-ducts, one pair

open in XVII jointly with the prostates. One pair of prostates, extending

from XVII to XXXIII; in the last three or four somites they are folded.

Habitat. —Four mature and an equal number of immature

specimens from Panama, Central America. Collected Feb-

ruary, 1896, by Professor Charles H. Gilbert. The speci-

mens were preserved in a five per cent, solution of formalin.

Affinity. —The variety differs from the species from

Lagos, Africa, as described by Beddard, in the following

particulars: —
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Oenerodrilus laeuum Beddard, Oenerodrilus \dJi\x\3cai'Beddard.

panamaensis, var. nov.

Dorsal Pores

begin X/XI. begin at least VI/VII.

Clitellum

1/2 XV-1/2 XXII. 1/2 XIII-1/2 XXVI.

Sacculated Intestine

commences in XIII. commences in XII.

Sperm-duct

not wider at the pore. slightly wider at the pore.

Prostates

extremely long and folded, extending not so long, extending only through

through 16 somites. 6-7 somites. '

Lymphocytes.

No crenate cells. Crenate cells.

Nematocytes. No nematocytes. ( ?

)

( All after Beddard.)

Detailed Description.

Septa. —The septum farthest anterior is IV/V and is very

narrow. There are five specially thickened septa.

Septal formula : —
V/VI, VI/VII, VII/VIII, VIII/IX, IX/X.

The three central septa are of about equal size and some-

what thicker than the ventral body-wall in their somites.

Septal Glands. —Septal glands are found in somites V,

VI, VII, VIII and IX. Those in V are very large, much
larger than the suprapharyngeal glands in IV, and about as

wide as the muscular part of the pharynx. The glandular

mass in V is principally dorsal, ventrally it is very narrow

and thin. The septal glands in VI-IX are exceedingly

diminutive and cannot be made out by dissection; they are

imbedded in lymphatic tissue and amongst agglomerations

of lymph-cells; they are confined entirely to the region

nearest the intestinal wall and are nowhere as thick as the

septa.
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Nefhridia. —The anterior nephridia do not possess any

coelomic mantles. The posterior nephridia are partly cov-

ered by such mantles, the latter being divided in two lobes.

One of these lobes is more ventral, consisting of very large

cells of a radiating arrangement, the other and more dorsal

lobe is much larger, and consists of smaller cells which

contain minute opaque globular granules. The lobes are

long, narrow and bent backwards. The whole nephridium

has the shape of a figure 5. Nephropores in line with and

in front of setae d.

Alimentary Canal. —The prostomial lips are small but

well defined. The mouth is narrow and may be said to

correspond to somites I and II. In line with somite III

there is a circular lip, much folded and composed of broad

clear epithelial cells, somewhat like the area of taste-cells

in Benhamia. The pharynx is developed only dorsally.

It is very short and its superposed glands are very small

and compressed, with their narrow ends projecting for-

wards. It does not occupy the whole of somite IV but

leaves a place for a short piece of the oesophagus at its pos-

terior end. The oesophagus turns upwards and occupies

one-half of IV and V. The gizza^'ds (fig. 56) are in VI

and VII; they are very minute, but still perfectly differen-

tiated. The one in VI is a little larger and occupies about

one-half of the diameter of the somite. Its muscular layer is

slightly wider than the epithelial layer of the intestine. The

gizzard in VII is longer and narrower than the anterior

one. Its muscular layer tapers gradually towards the septa,

and the thickest part of the layer does not extend over

one-third of the length of the somite. The gizzards are so

narrow that they cannot be distinguished except through

sections. They are not wider than the intestine and rather

narrower than the oesophagus in V. The tubular intestine

may be said to extend from VIII to XII. It tapers gradu-

ally towards the sacculated intestine, which commences in

XIII. At the entrance to the sacculated intestine it is

furnished with the usual large epithelial folds projecting

backwards. «
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Sfermathecce. —(fig. 57.) The two spermath.ec£e open

in front of the ventral setge, half-way between them and the

septum in somite IX, The muscular duct is somewhat less

in length than the pouch. The walls of the latter consist

.of an inner epithelium of very narrow glandular cells, in

which we can distinguish a very large ciliated discharge-

pocket adjoining the nucleus. The spermatheca contains

not only spermatozoa but also spermatocytes and spermato-

gonia, having one, two and four nuclei, together with a fine

granular secretion.

Testes. —There is only one pair in XI. In longitudinal

sections the tests are slightly racemose.

Sperm-sacs. —There is one pair of elongated, well defined

sperm-masses in XI, projecting forwards in that somite.

They are not surrounded by peritoneum. The real race-

mose sperm-sacs are in XII. They project from the pos-

terior surface of septum XI/XII, closely surrounding the

intestine.

Sperm-ducts and Funnels. —Only one pair of ciliated

sperm-funnels and one pair of sperm-ducts. The funnels

are large, situated in XI. The sperm-ducts run directly

backwards to the male pore in XVII, where they open close

to the prostate pores and on the same elevated papillae.

Prostates. —These organs are larger than in any other

species of the genus known. They extend through some

sixteen somites and are folded on themselves at the distal

end, and would if stretched out extend through three or

four more somites. They increase slightly in width from

the pore to somite XXXIII; but decrease from that point

to the apex. There is a muscular and a glandular part.

The muscular part consists of a row of glandular cells, a

narrow muscular layer of a few strands, a connective tissue

layer with rather large nuclei, and a narrow peritoneal layer

of small cup-shaped cells. The nuclei of the latter are

small and stain very dark. Towards the distal end of the

muscular part the connective tissue layer decreases in size,
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while the glandular layer increases. Hence the muscular

duct is composed of two sections, each section occupying

two somites. The part which is most glandular contains

two different kinds of alternating glandular cells. The
narrow cells are similar to those in the muscular prostates

;

the larger ones resemble those in the glandular part. In

the glandular part there is only a single row of glandular

cells, commencing with somite XXI.

Lymphocytes. —(figs. 114-116.) The free coelomic cells

of this variety are of more than usual interest, one kind

being a most extraordinary structure. The following kinds

are distinguished.

Nematocytes. —This name is proposed for a highly spe-

cialized lymphocyte found in great numbers in the lymphatic

fluid of this species. These cells are erythrophile, staining

intensely with eosin and fuchsin. The whole cytoplasm is

jiliform and takes the shape of a single, continuous, narrow

strand wound regtilarly like a coil of rope. Seen from the

flat side these cells are irregularly rounded. The winding

of the strand begins at one end or surface and continues

regularly, ending at the other surface-end or pole. Where
the cells had been torn, it was frequently found that a por-

tion of the nematocyte had been carried some distance

away without any break in the cytoplasmic thread, part of

which could be seen more or less uncoiled, connecting the

two portions of the cell. In many instances the beginning

and the end of the thread could be clearly seen. The first

coils nearest the pole are narrow, but they gradually widen

until they reach their greatest diameter, which is that of the

cell ; then again they gradually diminish and finally end as

they began. The thread does not contain any microsomes

of unequal size, but there is some differentiation, so that

alternating divisions stain darker. These alternate divisions

appear to be of the same size, but are so minute as to be

but indistinctly seen. In optical section the thread is round.

The nematocyte is not covered by an exterior membrane
(cytotheca), but the boundary of the cell consists alwa5'^s of

the margins of the cytoplasmic rope. There is no cytoplasm



132 CALIFORNIA ACADEMYOFSCIENCES. [Proc. 3B Ser.

visible either inside or outside of the cytoplasmic rope.

The latter did not fill the centre of the cell, there being

always more or less space not occupied by the thread and

the nucleus.

The nucleus is oval, slightly irregular, with a central

contraction.

A coelomic cell somewhat resembling the nematocyte

has recently been described by Edwin S. Goodrich from

the lymph of JSnchytrceus hortensis} Mr. Goodrich has

figured a number of these cells and demonstrated their

minute structure in detail. They differ from the nemato-

cyte of Neniatogenia lacuimi var. -panamaensis in having a

distinct cell-wall and in having the nucleus placed outside

instead of inside of the rope-coil, which is much less regu-

larly coiled.

In the Enchytrmiis cells the rope appears as a secondary

structure in the cytoplasm, while in the jSJematogenia cells

the rope itself is the cytoplasm and all the cytoplasm there

is in the cell. The rope may, perhaps, serve to catch bac-

teria, sperm-fragments and other foreign substances in the

lymph. The function of the rope in the Enchytrceus cells

is unexplainable, unless we presume that it is now and then

ejected outside of the cell-wall, serving as a lasso for catch-

ing microbes, or for attachment. Cells corresponding to

the supposed early stages of the Enchytrceus cells as

figured by Goodrich are nowhere to be seen in our Nenia-

togenia. Goodrich has also figured (figs. 13 e and 14) cells

which greatly resemble the amoebocytes from the Ocnero-

drilus lymph ; these cells he describes as thread-cells under

the action of water and caustic potash. Similar cells are

found in our Neniatogenia, but I do not believe that they

are stages of the nematocytes. They are comparatively

few in number and are much smaller than the nematocytes

;

they also possess a centrally located nucleus, while the

amoebocytes figured by Goodrich have no nucleus, but are

evidently structures separated from it. No suggestions

offer themselves as to the origin of the nematocytes.

1 Quart. Journ., Mic. Sci., Vol. XXXIX, Pt. i, May, 1896.
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Mucocytes. —The round cyanophile cells found in great

numbers in the lymph are probably referable to the class

called by Dr. Rosa mucocytes. They are, however, per-

fectly round and have not the projections figured by Rosa.

They are of the same size as the nematocytes but are

spherical and even in outline, and furnished with a cell-wall.

The nucleus is round with a central nucleolus. The muco-

cytes are more numerous than anj- of the other cells and

appear to originate in a special lymphatic tissue intimately

connected with the septal glands in VII, VIII and IX. It

is not found surrounding the glands in IV, V or VI. The

real septal glands in VII-IX are small, but appear much

larger than they are on account of this lymphatic layer,

which closely and intensely surrounds the cellular tissue of

the glands. The differentiation is best brought out by a

double stain of Rubin S. and Toluidine blue, the gland

staining dark blue and the lymphatic tissue pink with blue

nuclei. The cells composing this lymphatic tissue are not

as round as the mucocytes. There are large numbers of

the latter embedded in the tissue, especially at the edges,

where probably they originate, though I have not seen any

of them in mitosis.

Amcebocytes. —These are small star-shaped bodies with

minute and numerous thread-like pseudopodia. These rods

or threads are probably the amoeboid projections of the cell

itself, but the whole structure is too small to be studied in

detail. They stain but poorly, and are less readily studied

than the nematocytes.

Subgenus Ilyogenia Beddard.

Ocnerodrilus (Ilyogenia) taste Eisen.

Plate XIV, Figs. 157, 158.

Phcenicodrilus taste Eisen, Mem. Cal. Acad. Sci., Vol. II, 1895-96, Nos. 4

and 5.

Hahitat. —In the immediate vicinity of the city of Tepic,

Mexico, at an altitude of 4,000 feet. Also numerous speci-

mens collected by Prof. Albert Koebele in the vicinity of
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the City of Mexico and at Morelos, Mexico. In the latter

district they were found in the pine timber at an altitude of

6,000 to 7,000 feet.

Notes on the Tepic Specimens.

Upon dissection, one of the specimens which had pre-

viously been overlooked and referred to Ocnerodrilus tepi-

cencis was found to agree in all the principal points with

O. taste from the Cape Region of Baja California. Both

species are characterized by the absence of the ovisac, the

small clitellum in XIV-^^ XIX, and by the short, thick,

and warty spermathecas, although in O. te^icencis they are

very small and do not occupy more than one-fourth the

width of the somite, while in the type-specimens from El

Taste they are larger, extending fully to the posterior part

of the somite (fig. 135). In O. taste there is not the dis-

tinct, star-like, radiating zone found in somite XIV of the

other species. The specimens are large and fully mature,

and it is therefore not probable that the spermathecse are

undeveloped.

Notes on the Specimens from the City of Mexico.

The specimens from the City of Mexico differ in some

respects from those from the type-locality —the mountains

of Baja California. There is no star-shaped papilla in

somite XIV, in line with set£e cd. The spermathecae are a

little smaller and the outline of the sac-like part is more
even, the undulating margin being confined to the apex of

the sac. The sperm-sac in IX is furnished with some six to

eight lobes, which are less minutely racemose than in the

type. In X and XI sperm-masses only are found. This

seems to be a common characteristic of most of the species.

The sperm-sacs in XII are also racemose, long and narrow,

and postseptal. There is absolutely no trace of any pros-

tates. The two sperm-ducts run close together until they

reach a point just above the male pore, when they fuse and

become invested with a heavier coat of muscles. They
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then dip down through the muscular layers and form a

small atrium about half as wide again as the sperm-ducts

and equaling in thickness that of the epithelium of the

clitellum at that place.

Kerria Beddard.

Kerria McDonaldi Eisen.

Habitat. —A pond near Santa Ana, Cape Region, Baja

California, Mexico.

The specimens resemble very closely those found at

Miraflores, Baja California. One of the specimens was
sectioned, enabling me to add a few particulars to the former

description. The intestine possesses a very rudimentary

gizzard in somite VII. The circular muscular layer is here

about twice as thick as in the somites preceding and follow-

ing, and altogether the intestine in that somite is about one-

third thicker than elsewhere. The single pair of sperm-

funnels is in X. There are no sperm-sacs in any of the

somites, only sperm-masses in X and XI.

EUDRILIN^.

Eudrilus Perrier.

Eudrilus Eugeniae (Kinherg),

Plate VII, Figs. 27-34; Plate VIII, Figs. 40-48; Plate IX, Figs. 49-50.

Habitat. —The specimens upon which my investigations

are based are all from Panama, where they were collected

in January, 1896, by Professor Charles H. Gilbert. Thev
were preserved in a five per cent, solution of formalin, and

were in very good state of preservation, suitable for histo-

logical purposes. Judging from the number of specimens

in the collection, this species must be the most common of

the large terrestrial earthworms in Panama.
(4) « December 18, 1899.
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Nomenclature. —For convenience sake I have here

adopted the definition by Beddard and referred the present

species to Eudrilus Etigenim (Kinberg), though I am satis-

fied that there are differences sufficient to warrant the mak-

ing of at least a new variety. In a species so widely

distributed as Eudrilus Eugenics we may expect to find

interesting variations. In the following pages I have noted

down the principal anatomical differences between my spec-

imens from Panama and those upon which Beddard bases

his definition; there are also added some observations on

the finer anatomical and morphological structure.

External Characters.

Body. —(figs. 27-34). The body of the worm tapers

gradually towards the tail which is very thin and pointed.

Length from 120 to 150 mm. Color reddish to violet

brown above, with fine and strong violet iridescence.

Below yellowish white with some iridescence.

Somites. —(figs. 27, 28). The prostomium divides somite

I about one-half to two-thirds. Somite II is about one-

fourth smaller than I or III ; somite III is about one-third

smaller than IV; and IV is somewhat smaller than II and

III combined. Somites III, IV and V are somewhat longer,

Nej^hro^ores. —The most anterior pore is in VI, in front

of set£e cd. The pores in X to XIII are surrounded by an

elevated glandular ring.

The ovifores are in front of cd in XIV.

Co-pulatory Organ. —(figs. 29-33). The male pores are

found in the posterior part of somite XVII in line with set£e

ah. There is a very large eversible bursa-copulatrix into

which open the penis and the copulatory papilla. On this

papilla we find the external pore of the Y-gland, while at

the apex of the penis we find the opening of the prostate

duct. When the bursa-copulatrix is retracted, the end of

the penis projects through the opening of the male pore.

When this bursa is everted the whole penis, as well as the
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very large papilla of the Y-gland, is free. Owing to con-

tractions and contortions of the worm, it is difficult to

illustrate the true position of these exterior organs (figs.

29-33). The papilla of the Y-gland is very large, filling

nearly the whole of the bursa-copulatrix. It possesses only

one pore, the one which communicates directly with the

duct from the Y-gland. The penis is variable in regard to

its curvature^ but it is always so situated that its exterior

groove can be readily brought opposite and close to the

opening pore of the Y-gland. When vicAving the papilla of

this gland from the exterior there appear to exist two

external pores of the gland, the papilla being pointed at

both ends and quite symmetrical. Sections show, however,

that there is only a single pore, which is always situated on

the side nearest the exterior groove in the penis. This

groove in the penis does not extend to the base of that

organ, but only about half-way down its length. The groove

is connected with the lumen of the penis near its apex only

and not at the base also, as described by Beddard.

Internal Characters.

Nephridia. —The nephridia are very thin, slender, and

even, occupying a narrow zone along the septa. Those
posterior to the clitellum are long and covered for their

entire length with a thick but even agglomeration of round

granular secretions of different sizes. These globules

stain intensely with aniline colors. The granules are

confined in a sac-like tissue, the surface of which is race-

mose. It extends from top to base of the nephridium, but

only along one of its sides. The nephridial coelomic sac,

which follows the almost parallel lobes, is narrow and even,

and occupies about one-fourth of the width of the somite.

Su^ra^haryngeal Gland. —The usual suprapharyngeal

glands are present and well developed. When viewed in

longitudinal sections they are seen to consist of five distinct

lobes, one posterior to the other. The most anterior lobe

is the smallest and the most posterior lobe the largest. Each
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lobe contains a central muscular bundle connecting the

pharynx with the body-wall. Glandular cells surround

these muscular strands on all sides. The muscles to which

the most posterior lobe is attached run backwards to the

junction of somites VII and VIII.

Subintestinal Vessel. —(figs. 39, 42). Beddard describes

and figures this vessel as being double in somites X and XI.

In my Eudrilus from Panama the vessel is single, judging

from an examination of an unbroken series of transverse

sections. It is surrounded by a zone of lymphatic tissues

(fig. 41) in which are seen a number of lymphocytes.

Immediately surrounding this vessel the tissue forms a thick,

even coating, which ventrally spreads out as a lamella on

either side (fig. 42). Under high power the tissue is seen

to be highly vacuoled, with two kinds of nuclei and here

and there a lymphocyte. The vessel connects directly with

the blood sinus in the median diverticle of the intestine.

The ventral side of the diverticle consists similarly of a

spongy tissue with numerous vacuoles separating the epithe-

lial linings. In this tissue we also find two kinds of cells,

some with much smaller nuclei than the others.

The last hearts are in XI. The hearts in IX, X, XI are

of about equal size ; those in VII and VIII are smaller, the

former being the smallest.

Diverticles of the Intestine. —These hearts are well

developed, as has already been mentioned by several inves-

tigators, especially Beddard. There is one point in which

the specimens from Panama differ from those of Beddard.

He describes the entrance of the diverticle into the intes-

tine as very wide, while in my specimens this duct is very

narrow (figs. 39, 40). In both of the median diverticles I

find large agglomerations of lime, a few of which are shown
in fig. 41. In the paired diverticles in somite XII neither

crystals nor any lime globules are to be found.

Female Generative Af-paratus. —(figs. 49, 50). This

complicated apparatus differs considerably in details from

the wood-cuts and descriptions given by Beddard. The
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oviducal pore is situated in front of setas cd in XIV. Into

this pore opens a very large, somewhat coiled spermathecas,

which is bent on itself. The part which is nearest the pore

is situated in XIV, but the largest part is found in XIII.

Into this spermatheca open three different ducts, within a

short distance of each other. The place where these ducts

open into the spermatheca is found about one-third the

distance from the pore to the inner apex. The ducts which

open into the spermatheca are those of the oviducal gland,

the anterior oviduct and the posterior oviduct (figs. 49, 50,

ov. i; ovd. gl. and ov. 2 and ov. s.). The anterior and

posterior oviducts differ in size and function. While the

anterior oviduct conducts the undeveloped egg-cells, the

posterior oviduct conducts not only the undeveloped egg-

cells of the anterior ovary into the ovisac, but also the ripe

ova from the ovisac to the spermatheca. The posterior

ovaries, which are situated much higher up, are also the

largest. As Beddard has pointed out, these ovaries serve

also as ovisacs. The ovaries in XIII are rudimentary and

furnish only immature ova. The young egg-cells from

these ovaries slough off in bunches and are carried through

the narrow anterior oviduct (figs. 49, ovd. ov. i) to the

base of the spermatheca; thence they are probably carried

to the posterior ovisacs, there to go through maturation. In

the ovisacs we find ova in all stages of development. There

are free bunches of egg-cells, as well as cells attached to

the walls of the ovisacs, and it seems there can be no doubt

as to the double nature of the ovisac, it being both ovary

and an ovisac. The long coiled oviduct is not ciliated, but

we find cilia in the funnel of the oviduct, which connects

directly with the ovisac. The funnel and the coiled oviduct

are entirely in XIII, but the part of the spermatheca into

which it opens is in XIV. Beddard states that the oviduct

penetrates the septum XIV/XIII twice. This is not the

case in the Eiid^'ilus EugenicB from Panama, as has just

been shown. The egg-cells in the posterior ovary and

ovisac are not placed as in Beddard's figure (PL XX, fig.

53), but they are found all along the inner margins of the

walls of the ovisac, in the manner figured (fig. 49, ov. 2).
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The lower part of the spermatheca is much wider in my
specimens than in Beddard's, judging from his figure

referred to above. The figures representing the female

reproductive system were drawn from a number of sections,

(fig. 49 from longitudinal, fig. 50 from cross-sections).

They are, of course, partly diagrammatic, but it was the

endeavor to reproduce the relative proportions as faithfully

as possible.

As regards septum XIII/XIV, it was found to be perfect

all along the body-wall and between it and the female

organs. In the center, however, it is defective or entirely

absent.

Male Apparatus. —(figs. 44, 48). This very complicated

set of organs differs somewhat from the description and

figures of Eudrilus sylvicola (EugenicB) as given by Bed-

dard. In a general way, Beddard's description fits the

specimens in question, but the positions of various parts is

different. In one respect, however, Beddard is in error,

provided, of course, that we have studied the same species.

Beddard states (62) that the longitudinal groove of the

penis opens into the lumen of that organ. This is not the

case in the Eudrilus Eugenim from Panama. The penis

possesses a groove just as stated by Beddard, but it does

not open into the canal of the penis at the junction with the

bursa, it simply ends bluntly at the base, while at the apex

it joins with, and ends at, the exterior opening of the canal

of the penis. The groove is therefore entirely an exterior

structure along its whole length. Its object is not difficult

to perceive. Because of its peculiar position the groove

can readily be brought close to the pore of the Y-gland, as

shown in figs. 44 and 46 at X. Any discharge from the

gland at any point from the base to the apex will therefore

be caught in the groove and conducted to the orifice of the

penial canal, there to be mixed with the exuding contents of

the prostates.

Four specimens were sectioned in order to ascertain the

structure of this organ and all were found to closely agree.

In every instance the pore of the Y-gland was found to be
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situated close to the groove in the penis. At times the

pore was found near the base, this always being the case

when the muscular cushion was retracted. When the lat-

ter was more or less extended, the pore was found nearer

to the apex of the groove. The secretion of the Y-gland

when coagulated is tough and resembles, superficially at

least, the secretion from the silk glands of a caterpillar. In

many of the specimens the secretion of this gland has been

ejected, forming a very thin flattened string several inches

long, either hanging down along the side of the body or

twisted and rolled into a ball around the copulatory cushion.

Quite a little force is required to break this thread. The
thread stains but poorly with hgematoxylin and methylene

blue, and cannot therefore be of a strictly mucous nature.

It shows a fine longitudinal striation, as if consisting of

innumerable fine strands. The pore of the Y-gland is

round and possesses but a single opening. The pore is

also connected with a tiny groove which runs parallel (and

opposite) to the groove in the penis, but which is much

shorter. The upper end of the Y-gland is muscular, the

two forks are separate as regards their lumens, but they are

surrounded by a common muscular covering of great thick-

ness. According to Beddard's figures the prongs of the

gland are longer than the canal, the prongs joining close to

the wall of the bursa. In my specimens the Y-gland

possesses a longer duct, as shown in fig. 44, y gl. This

duct is very much curved and enters the bursa from the

ventral side of that organ, while Beddard's figures indicate

that the Y-gland enters the bursa from its dorsal side.

Prostates. —In my specimens the longer prostate is about

twice as long as the shorter one and must, I think, be the

main prostate, while the shorter part may be called a

diverticle of the other. These two parts cannot well be

considered as two distinct prostates joined together, on

account of the difference in structure, which, though slight,

seems of sufficient importance to be considered.

Thin sections of the two parts of the prostates are found

to stain differently, one taking the stain much more readily
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than the other. The contents of the diverticle also stains

intensely with red stains, but I have found no such dark

staining secretion in the larger part of the prostate. There

is also a difference in the structure of the glandular cells in

the two parts. Those of the diverticle are larger, more

twisted and bent, while those of the main prostate are

smaller and straighter. In the main prostate the epithelial

layer is surrounded by a narrow muscular layer which

winds in and out between the glandular cells, but in the

diverticle this muscular layer is reduced to a very few

strands not readily perceived.

The muscular coat surrounding the prostates is exceed-

ingly powerful. It consists of three layers of which two

are entirely distinct. The outer longitudinal layer sur-

rounds a narrower transverse muscular layer, and this is

lined interiorly by another very narrow, but still recogniz-

able longitudinal layer, which here and there runs off to the

prostates, separating the diverticle from the main gland.

The two inner muscular layers are not always to be distin-

guished one from the other and are probably only differen-

tiated parts of one layer. The width of the diverticle is

greater than that of the inner prostate. In cross-sections it

will be seen that the diverticle embraces the main prostate

like a crescent and occupies the largest space inside the

common muscular coat.

The secretion from the diverticle appears to be of a two-

fold nature. There is a thin cyanophile mucous secretion

and a thicker erythrophile one. The latter is generally

found in the shape of irregular rounded granules or glob-

ules surrounded by the cyanophile secretion.

Judging from Beddard's figure (62, fig. 10), the differ-

ence in the size of the two glands is not great. In my
specimens the longer part of the prostate is much narrower,

occupying a comparatively small space within the muscular

coat.

The globular enlargement of the sperm-duct at the ciliated

funnel resembles exactly the figures given by Beddard, but

the funnel itself is somewhat different. In Beddard's
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figure we see broad and narrow lobes alternating, while in

my specimens all are of the same size, the lobes being

broader and regular.

Sj)erm-dticts. —These are very thick, and are separated

to the junction by the prostate. They enter the prostate

covering in the vicinity of the apex of the diverticle, run

for a short distance inside the covering, and then pierce the

main prostate, just in line with the apex of the diverticle.

The ducts curve inwardly and enter the prostate in the

center of the organ, as seen in a section represented in

fig. 47. The two ducts unite only in the glandular part of

the prostate. Anteriorly the ducts run forward in a straight

line, curving only over the large muscular bursa.

E;pidermal Sense-cells. —(figs. 95-97). As is well known,

many and perhaps all species of the genera of Eudrilidae

are characterized by the possession of large epidermal

sense-cells, which Beddard has compared to the pacinian

bodies of higher animals. He has figured and described

these cells (54) in Eudriliis, and any further description

would seem to be superflous. But the sense-cells found in the

Eudrihts from Panama differ so much from those Beddard

describes that it seems likely that we have investigated two

different species. Judging from Beddard's papers (54, figs.

2 and 3; and 62, fig. 14) it appears as though the structures

of the various cells composing the so-called pacinian body

do not differ much from each other. In fig. 14 we find a

large central nucleus surrounded by a rather small cell,

around which are seen a number of thin concentric cells

with nuclei of much smaller size than the central one.

This is the case in Beddard's species from Guiana. In my
Panama specimens, the sense-cells are situated exactly as

described by Beddard, at the base of the epidermis; they

never reach more than about half-way up to the cuticle.

The sense-corpuscle is surrounded by ordinary glandular

and supporting cells, which shut off the former from the

cuticle. In a general way the sense-corpuscles may be

described as consisting of a very large central cell, which is
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capped and partly surrounded by from three to twelve very

thin but wide cells superposing each other (figs. 95, 96).

A characteristic feature of each one of these upper cells is

the situation of the nucleus, which is found on or near a

line passing perpendicularly from the cuticle through the

large central cell. There is no constancy in the size of the

nuclei. Beddard states that the central nucleus is very

large and that the other nuclei are small. While I have

found corpuscles in which the central nucleus was much
larger than the upper ones, in many instances the reverse

has been the case. The upper nuclei are generally of very

even size.

When seen in a cross-section of the body of the worm
the sense-corpuscle is sac-like, generally higher than broad

(fig. 95). In longitudinal sections (fig. 97) the sense-

corpuscle is longer than high. The most interesting feature

of the sense-corpuscle is the structure of the large central

cell. Its size varies considerably, as may be seen by the

figures, but it is always larger than all the upper cells com-

bined. There are two very prominent characteristics of

this cell: the nucleus is situated in, and suspended by, a

diaphragm which forms a constant acute angle with the

base of the cell and the cuticle of the deric epithelium;

secondly the cytoplasm of the cell is laminated in a certain

and distinct manner (figs. 95-97).

The central nucleus is evidently capable of extention and

contraction, as in some cells it is found to be much elon-

gated in the direction of the diaphragm, while in others it

is quite round. In some cells the diaphragm has the form

of a simple bar, dividing the vacuole into two equal parts

;

but in reality this diaphragm consists of a number of narrow

lamella which in the figure are only seen in cross-section.

The other ends extend to the opposite side of the vacuole

somewhat in the manner of a membrane stretched on a

drum. More strictly speaking, there are two central vacu-

oles separated by a diaphragm, and surrounding them is a

dense mass of peculiarly laminated cytoplasm. Cross-sec-

tions show that this lamination does not extend all around the
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cell, but is discontinued in the direction of the diaphragm

both upwards and downwards. The lamellae are very dis-

tinct and of even thickness throughout until a certain zone

is reached, where they spread and thin out, each lamella

continuing towards the cell-wall as a thin, wavy, cytoplas-

mic thread. In several cells there could be distinctly per-

ceived a thinner continuation of the central cell downwards

into the muscular layers, probably indicating a connection

with nerve-fibers.

Beddard has given a diagrammatic drawing of a "paci-

nian corpuscle" of Hyperiod^'ilus (No. 54, PI. XVI, fig. 4)

from which it appears there were a large number of nuclei

in the central core. In the sense-corpuscles of Eudrihis

EugenicB from Panama there certainly does not exist any

structure similar to that just described. On the other hand,

I find some resemblance between these cells and the sup-

posed auditory cells of Pontoscolex described elsewhere in

the paper. In both of these cells the cytoplasm shows a

very high degree of differentiation. There is in each cell

a central nucleus and a diaphragm, the latter being of

different structure in the two cells. In Eudrihis EiigenicB

there is no body comparable to the otosome; but still there

is enough resemblance to suggest a possible or even prob-

able similarity of function. Since the manuscript of the

first paper (Eisen 19) on Pontoscolex passed out of my
hands. Dr. R. Hesse (2) has described a most interesting

type of sense-cells from the epidermis and nerve-ganglia of

Lumbricidce. Dr. Hesse recognizes in these cells organs

for the perception of light.

In Pontoscolex and Eudrihis the sense-corpuscles are not

found in increased numbers in the anterior and posterior

somites, but on the contrary are more numerous in the

central parts of the body, or in parts much less exposed to

light. If the sense-corpuscles in Eudrihis and Pontoscolex

are organs for light, we should expect to find them more

numerous in parts of the body most readily exposed to the

light, such as the tail arid the prostomium; but in these
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parts they are, on the contrary, very rare or absent. Sense-

cells in the central part of the body are likely to serve some

other purpose.

Wehave seen that Oligochseta possess cells perceptive of

light, taste, smell, and touch, and unless we assume the

existence of a sixth sense not present in the higher animals,

the only remaining sense not yet fully recognized in Oligo-

chaeta is that of hearing. The nature of the structure of

the sense-cells in Pontoscolex and Eiidrilus is such as not

to oppose the assumption that in these cells may be recog-

nized primitive auditory organs. In Pontoscolex the char-

acteristic parts of the auditory cell are the otosome and the

diaphragm. In Eudrilus the diaphragm only is present,

but it does not seem improbable that the almost vertical

column of nuclei superposed on the large lower cell may
serve as a row of otosomes, aiding materially in carrying

along the sound-waves to the diaphragm of the more sensi-

tive cell below. It is of the utmost importance that the worms

be enabled to perceive sounds caused by the feet of

birds, the working of moles and other animals, —sounds

which must be transmitted through the soil in order to reach

the worms.

The situation of the sense-corpuscles in the projecting

equatorial of each of the more central somites in those parts

of the body which come into closest contact with the soil,

seems to me to especially favor the theory that these cells

and corpuscles are really organs for the perception of

sound. Not only are these cells more numerous in the

equatorial of the central somites, but they are nearly exclu-

sively found on the dorsal and lateral sides of each somitic

equatorial, and are almost absent on the ventral side. In

other words, they are most numerous^in parts most access-

ible to sound-waves passing through the soil, and are singu-

larly scarce in parts which are least accessible to these

sound-waves. These cells in Eudrilus Eugemce, as well

as in Pontoscolex, are found several rows abreast in each

equatorial, and are never found outside of the equatorial.
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ACANTHODRILIN^.

Notiodrilus Michaelsen.

With Dr. Michaelsen (30) I agree to place the American

species of the old genus Acanthodrilus in a separate genus.

As Dr. Michaelsen's paper (30) arrived just as this manu-

script was going to press, there was no time to discuss the

subject; I can merely state that in most respects Dr.

Michaelsen's re-arrangement of the genera of this family

seems admirable.

Notiodrilus Whitmani, sp. nov.

Plate XIV, Figs. 163-167.

Definition. —Length 60 mm., width ly^. mm. Somites about 115. Setae

paired. Penial setae very large, smooth, with end knob. No spermathecal

sexual setas. Clitellum small, saddle-shaped, XIII-XVI. Prostomium divides

somite I, about one-half. Genital zone not prominent. Groups of four to

six small papillae in the intersegmental grooves of IX/X, X/XI, XI/XII, in

line with the lateral intervals on each side. Intestine without any diverticles.

Gizzard in VI. Sacculated intestine commences in XIV. Two pairs of

spermathecae, the anterior pair smallest, each with a single diverticle of large

size. The spermathecal pores are postseptal. Sperm-sacs racemose, in IX,

XI and XII. Loose sperm-mass in X. Testes in X, XI; sperm-funnels in

X, XI. Ovaries in XIII, oviducts in XIV. Prostates long, narrow, tubular,

much coiled in one plane, each covering two somites. Sperm-ducts do not

fuse until the male pore in XVIII. Meganephridia; no peptonephridia.

Last hearts in XII. Color pale flesh, without pigment.

Septal formula:

—

VI/VII, Vll/VIII, VIII/IX, IX/X, X/XI, XI/XII.

Habitat. —Coban, Guatemala, Central America.

This species is very abundant in the river near the city

of Coban, in the highlands of Guatemala. I found it in

the banks of the river, among the roots of plants, etc. It is

not strictly an aquatic form. The species is named in honor

of Professor C. O. Whitman, to whom the author is in-

debted for many courtesies.
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Detailed Description.

Glands. —There is a pair of small septal glands in VI
and VII, about as long as the spermatheca is wide. There

is a tiny subpharyngeal gland. There is no septum anterior

to that separating VI and VII.

The gizzard is strongly developed, but confined to somite

VI. There are very few and only very small chloragogen

cells anywhere.

The sperm-sacs are all racemose, but the anterior pair is

less racemose than the two posterior pairs. All three pairs

are postseptal.

The spermaiheccE are of somewhat less height than the

diameter of the body. The anterior pair is considerably

narrower than the posterior pair; this is true of both the

main sac and the diverticle. In the anterior pair the diver-

ticle is of the same length as the main sac, but a trifle

straighter and a little thinner. This diverticle is divided

up into imperfect chambers, due to some parts of the epi-

thelium being longer than others. The posterior diverticle

is less marked in this respect. The main sac of the sperma-

theca contains a much narrower epithelium, which is smooth

and even. The diverticle joins the main sac at the base of

the muscular duct. The diverticle of the posterior sperm-

atheca is about two-thirds as large as the main sac of that

organ.

The prostates are thin and tubular, but greatly coiled,

principally in one plane. The glandular part is perhaps

ten times as long as the muscular duct. There are two

kinds of cells in the glandular part, but they do not form

two distinct layers as in so many other species. The larger,

very glandular cells reach from the outer to the inner wall

and are only one layer thick. Similarly, the thinner sup-

porting cells which separate the glandular cells reach from

the inner lumen to the outer surface of the organ, very

much in the same way as in some species of Diplocardia.

The prostates open slightly dorsal to the penial setae.
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The sacs with genial setce are very large, about as long

as three somites. The two sacs at each pore are joined

along their entire length; they consist of a larger sac-like

part which encloses the setae, and a shorter, narrower, and

tubular part, serving as a duct for the guidance of the seta

when it is projected. This duct is about one-third as long

as the main seta-sac, towards which it is sharply bent or

even closely folded. The two ducts of the respective setae

are closely joined, but not fused, and remain thus to the

very pore. The setae are of different forms. The longer

is a little more curved, and its apex, which is much nar-

rower, is bent towards the main part like a fish-hook. The
shorter seta is only a trifle shorter. It is less curved and

the tip is narrower and only slightly bent. Both setse are

smooth and have a small knob at the apex. The knob is not

quite smooth, being furnished with a few depressions and

elevations.

The common setce are strictly paired, and measured with

a micromillimeter scale give the following comparative

values: —
rt'-«=iio; a—b=i2', b—c^^O; c-d=io.

Notiodrilus cristalifer, sp. nov.

Plate XIV, Figs. 160-162.

Definition. —Length 20 mm., width i mm. The anterior seven somites

smoother than those posterior. The genital zone is sunk as in Benhaniia.

The prostates in XVII and XIX open on prominent papillae. Setae strictly

and closely paired, all ventral. Penial setse slender, not ornamented. Neph-

ropores in front of setse d. Diverticles of the intestine in VII, VIII, IX.

Sacculated intestine in XII; gizzard in V. Spermathecae in VIII and IX.

Testes in X and XI. Racemose sperm-sacs in XII, very minute and ventral.

Plain sperm-sacs in IX. Sperm-funnels in X, XI; sperm-ducts not fused

until the male pore. Prostates confined to their own somites. Megane-

phridia, with numerous lime crystals. No typhlosole. Septal formula:

—

V/VI, VI/VII, VII/VIII, VIII/IX, IX/X, X/XI, XI/XII, XII/XIII,

XIII/XIV.

Habitat. —Tactic, near Coban, in Guatemala. One
specimen, July 4, 1882.
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This little species of Notiodi-ilus is well characterized

by the position of the diverticles of the intestine in somites

VII, VIII and IX. Nearly all other species of this genus

have the diverticles much farther back, generally posterior

to XIII. N. cristalifer is readily distinguished by the

form of its spermatheca from N. tamajusi^ also from Guate-

mala, the only other species so far known which has the

intestinal diverticles in the same somites. N. tamajusi has

the penial setse ornamented at apex. N. Whitmani has no

intestinal diverticles.

Detailed Description.

Dorsal ^ores present; the most anterior one IX/X (?).

Glands. —The suprapharyngeal glands are in six lobes,

the most anterior one being very minute. There is no

trace of any septal glands.

Calciferous Dive^'ticles. —The calciferous diverticles of

the intestine occupy the ventral or latero-ventral part of the

intestine in somites VII to IX, and constitute merely thick-

ened folds or swellings of the intestine. They possess,

however, the same internal structure as diverticles of other

species, that is, their interior cavity is divided by numerous,

more or less parallel, folds of the inner epithelium. In a

vertical section of the intestine it is. seen that these folds are

confined to the ventral part, gradually diminishing laterally,

and entirely absent on the dorsal side, where the walls of

the intestine are characterized by large blood-sinuses.

The spermatheccB in VIII and IX are medium sized,

slender sacs, each with a small tubular diverticle pointing

forwards, but confined to the somite of the spermatheca.

The sferm-sacs in IX are large, filling the whole somite.

They are surrounded by a peritoneal membrane but are

without trabecula. The racemose sperm-sacs are in XII;

they are very small and confined to the lateral and ventral

sides of the coelom.

The glandular part of the prostate is large and bent

zigzag, but is confined to the somite into which it opens.

There are two distinct layers of cells.
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The clitellum was not developed in the immature specimen

at my disposal.

The -penial setce are without ornamentation, except for a

small fin-like flare at the very apex. The apex of one of

the setffi is furnished with a tiny hook, below which on the

curved side is situated the flare. The other setae is without

the hook but possesses the flare.

Tne nefhridia are large meganephridia opening in front

of setae d. They are characterized by numerous —from 30

to 60—minute crystals, probably of lime, strung out along

the whole length of the nephridium. Similar crystals, but

twice the size, are found in the sacculated intestine. None

are in the diverticles of the tubular intestine. The dorsal

part of each nephridium is covered by a ccelomic mantle

extending about one-third down the nephridium.

The se-pta between VII and X are thickened both dorsally

and ventrally, but the septa between X and XIII are thick-

ened principally ventrally. ^

MICROSCOLECIN^.

Key to the Species of Microscolex, Yagansia and Rhododrilus.

A. Two pairs of testes.

Micposeolex Rosa.

I. Two pairs of testes. No spermathecffi.

1. No gizzard. Nephridia commence in V. Sperm-ducts join

the center of the muscular part of the prostate.

Microscolex dubius (Fletcher, 3).

2. No gizzard. Nephridia commence in II. No septal glands;

suprapharyngeal glands small. Sperm-sacs in XI and

XII. Sperm-ducts join the prostate at the exterior pore.

Microscolex Poiiltoni Beddard (38).

3. Gizzard rudimentary. Nephridia commence in II. Septal

glands small; suprapharyngeal glands large. Sperm-sacs

in XI and XII. Sperm-ducts join the prostate in the

body-wall, previous to entering exterior pore. Nephro-

pores with sphincter.

Microscolex elegans (Eisen, 16).

( 5 )
December 19, 1899.
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4. Gizzard rudimentary. Nephridia commence in II. Race-

mose sperm-sacs in XI and XII. Anterior setae not con-

verging; posterior converging. Sperm-ducts join pros-

tate before they enter the body-wall, half-way up the

muscular part. Nephropores without sphincter.

Microscolex Carolines, sp. nov.

I I . Two pairs of testes. Spermathecae present, with one diverticle each.

5. No gizzard. No penial setae. Sperm-ducts join the pros-

tates in the body-wall.

Microscolex algeriensis Beddard (38).

6. Gizzard rudimentary. Penial setae present. Sperm-ducts

open on segment behind the prostates.

Microscolex phosphoreus (Duges) Michaelsen (30).

7. Gizzard rudimentary. Setae convergent. Penial setae smooth,

with end knob. Sperm-ducts open into the prostates.

Microscolex Horstii, sp. nov.

III. Two pairs of testes. Spermathecae present, with two diverticles

each.

8. No gizzard. Distance a-b several times smaller than c-d.

Microscolex Benharni (Eisen, 16).

9. No gizzard. Distance a-b about equal to c-d.

Microscolex Troyeri (Eisen, 16).

10. Gizzard rudimentary, in V. Setae not converging. All

nephropores in front of setae c. Prostates and sperm-

ducts open together in the same pore.

Microscolex novce-zelandicB Beddard (25).

11. Gizzard rudimentary, in V. Setae converging. Sperm-ducts

open into the muscular prostate. Nephropores II-IV in

front of setae d Microscolex parvus, sp. nov.

12. Gizzard rudimentary, in V. Setae converging. Nephro-

pores II-IV in front of setae d. Prostates and sperm-

ducts open in separate pores.

Microscolex Hempeli Smith (3).

13. Gizzard in VIII. Sperm-sacs in XII. Prostomium com-

plete Microscolex mofiticola Beddard (86).

B. One pair of testes.

Yagansia Michaelsen (30).

I. Spermatheca with one diverticle each.

1. Gizzard in V. Prostomium incomplete. Setae paired;

penial setae long. No dorsal pores. Spermathecae in IX.

Sperm-sacs in IX and XI. Prostates extend back many
somites Yagansia papulosa (Beddard, 87).

2. Gizzard in VI. Prostomium incomplete. Setae paired.

Penial setae long. Dorsal pores present. Spermathecae

in IX. Sperm-sacs in XI.

Yagansia longiseta (Beddard, 87).

3. Gizzard in VI. Prostomium complete. Setae paired;

penial setae curved, without exterior sculpture. Sperm-

sacs in XI.

Yagansia pallida Michaelsen (28).
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4. Gizzard in VI. Setae paired; penial setse with crenate

ridges. Sperm-sacs in XI.

Yagansia spatulifer Michaelsen (13).

5. Gizzard in VI. Prostomium complete. Setse paired;

penial setae with spinelets. Sperm-sacs in IX and XI.

Spermathecal diverticle forked.

Yagansia grisea (Beddard, 87).

6. Gizzards in VI and VII. Prostomium complete. Setse

separated; penial setae smooth. Dorsal pores present.

Sperm-sacs in IX and XI. Sperm-ducts open separately

from the prostates.

Yagansia diversicolor (Beddard, 87).

7. Gizzards in VI and VII. Prostomium complete. Setae

paired; penial setae with transverse ridges, flattened and

wider at apex. Dorsal pores present. Sperm-sacs in XI.

Yagansia corralensis (Beddard, 87).

8. Gizzard in VII. Prostomium complete. Setae separated;

penial setae smooth. No dorsal pores. Sperm-sacs in

XI.

Yagansia robusta (Beddard, 87).

9. Gizzard in VIII. Prostomium complete. Setae separated;

penial setae smooth. No dorsal pores. Sperm-sacs in

XI and XII.

Yagansia gracilis (Beddard, 87).

II. Spermathecae with two diverticles each.

10. Gizzards rudimentary. Sperm-ducts open behind the

prostates in a groove. Penial setae with spinelets.

Yagansia Michaelseni (Beddard, 87).

C. Two pairs of testes; four pairs of spermathecae, in VI-IX.

Rhododrilus Beddard.

Rhododrilus niinutus Beddard (37).

Microscolex Rosa.

Microscolex elegans (Risen),

Deltania elegans Eisen, Mem. Cal. Acad. Sci., Vol. II, No. 5, 1896.

The following additional characteristics not mentioned in

the former description are of considerable interest: —
Gizzard. —There is a small rudimentary gizzard in somite V. The trans-

verse muscular layer is increased some three or four times, but still is not

sufficiently thick to form a perfect gizzard. The intestine widens but little in

this somite and cannot be seen well except in sections.

Spermathecce. —There are no real spermathecae and the peculiar sacs filled

with spermatozoa found in the specimens first described are of doubtful char-

acter; they do not open exteriorly. Similar structures have not been found

in any specimens dissected or sectioned recently.
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Septal formula:

—

V/VI, VI/VII, VII/VIII, VIII/IX, IX/X, X/XI, XI/XIl, XII/XIII,

XllI/XlV, XIV/XV.

Habitat. —This species was found to be common in

southern California where I have collected it on Santa

Rosa Island and at Santa Barbara. On the island it appears

to be the most common species and there can be no doubt

but that it is indigenous.

M. elegans is represented in the eastern United States by

M. carolincB, the main difference between the two being

the manner in which the sperm-ducts join the prostates. In

M. eleg-ans the junction is in the body-wall, while in Af. car-

olince the sperm-ducts join the prostate half-way between

the body-wall and the glandular part. The former species

is much more delicate than the latter, which may be

readily transported long distances without injury.

Microscolex carolinas, sp. nov.

Definition. —Length 90-110 mm., width below clitellum 4 mm. Prosto-

mium incomplete. Dorsal pores posterior to clitellum. Clitellum perfect,

XIII-XVII. Setae rather distant; those in the ventral couples and posterior

to clitellum converging towards the male pores, but those in front of the

clitellum not converging. Oviducal pores in line with setse a. Spermiducal

pores in XVII. Penial setse present. Testes in X and XI. Sperm-sacs

small and very racemose in XI, XII. Rudimentary gizzard in V. No
spermathecse. Sacculated intestine in XVII. Nephridia without sphincter.

Color flesh with a brick red clitellum.

Septal formula:—

V/VI, VI/VII, VII/VIII, VIII/IX, IX/X, X/XI, XI/XII, XII/XIII,

XIII/XIV, XIV/XV.

Habitat. —The specimens were collected in the uplands

near Raleigh, North Carolina, by Messrs. Brimley.

This species is more robust and of a deeper color than

M. elegans. The principal differences appear to be the

following: The sperm-ducts join the muscular part of the

prostate half-way between the body-wall and the glandular

part. The nephridia do not seem to possess the sphincter,

and the sperm-sacs are much more racemose and the lobes

narrower than in M. elegans.
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Detailed Description.

Somites. —The somites anterior to the clitellum are of

about the same width.

SetcB. —Only those setae anterior to the male pores con-

verge towards these pores. The setae are distant as fol-

lows : —Interval a-a^b-c, but is slightly narrower than

c-d; a-b is about two-thirds that of a-a. Setae c and d are

slightly dorsal. The penial set^ are not unusually long.

They are of medium size; the apex is almost straight,

ornamented with about twelve rows of faint, short, trans-

verse, wavey depressions or lines, of which there are about

three abreast, running somewhat diagonally in the direction

of the short diameter.

Intestine. —The gizzard is rather imperfectly developed

and very small. It is hardly wider than the balance of the

intestine, is principally developed inwardly and does not

cause the intestine to bulge out. It is entirely confined to

somite V. The somites following are strongly nipped by

the septa. The sacculated intestine, commencing in XVII,

possesses very thin walls. No large chloragogen cells are

found on any of the divisions of the intestine.

The sej)ta are all very narrow and those slightly thickened

are not more than twice as thick as the others. All the

anterior septa are attached half-way between the grooves.

Glands. —The suprapharyngeal glands are well developed

and show a succession of lobes increasing in size posteriorly.

The septal glands are very minute and are found in somites

V, VI, VII, VIII and IX; in the latter somite they are

entirely ventral and exceedingly small, as seen in longitud-

inal sections of the body.

Sexual Organs. —The testes are found in somites X and

XI, the spermiducal funnels in the same somite, while the

sperm-sacs are in XI and XII. The latter are small, strongly

racemose and entirely confined to the ventral part of the

body, not rising above the intestine. The ovaries are as

usual in XIII. They are strongly fringed, the individual

strands not being more than one ovum thick.
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The sperm-ducts are separate to the very point where

they enter the prostate glands. The prostates are confined

to one somite. They are very nearly straight, with the top

slightly bent over. They consist of two distinct parts, of

which the lower is narrower and strongly muscular. The
larger, glandular part is club-shaped, the inner or distal

part being the thickest. The sperm-ducts enter the muscu-

lar part at a point situated half-way between the body-wall

and the glandular part of the prostate. The glandular cells

are not arranged in two distinct layers; there are, however,

two kinds of glandular cells. The inner layer, consisting

of the narrowest cells, projects everywhere into the outer

layer, making the boundary between the two layers very

indistinct.

The ne^hridia commence in somite II, but the body of

the first nephridium is situated mainly in III. Each
nephridium is furnished with a large terminal vesicle which

opens directly through the body-wall. There is no urinary

bladder, nor is the exterior pore furnished with large

sphincter cells, as in Microscolex elegans (Eisen 16). At

the point in the clitellum where the vesicle opens into the

pore, the clitellar cells suddenly narrow down, thus allow-

ing the vesicle to connect directly with the pore. The
nephropores are slightly ventral and anterior to setae c.

Microscolex parvus, sp. nov.

Plate XIV, Figs. 183, 184.

Definition. —Length 35-45 mm., width i-i>^ mm. Somites 85. Pro-

stomium does not encroach on somite I. The ventral part o\\ somite I is half

as wide as its dorsal part; the somite is narrower than somite II. Dorsal

pores begin about VIII-IX, a very large one between XIII/XIV. Setae pos-

terior as well as anterior to the male pore converging towards that pore.

Penial setae sigmoid at apex. Spermiducal pores in XVII. Oviducal pores

separate, in line with setae I. Spermathecal pores in line with setae I, in

VIII/IX. Spermatheca with two diverticles. Testes, two pairs in X and XI.

Sperm-sacs small, racemose, in XI and XII. A small ovisac in XIV. Giz-

zard very rudimentary. Sacculated intestine commences in XVI. Sperm-

ducts open into the prostate. Muscular part of the prostate half as long again

as the glandular part. Color very pale flesh with pale, yellowish clitellum.
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Habitat. —Santa Rosa Island, and Santa Barbara, Cali-

fornia. The writer collected some ten or fifteen specimens

in moist garden soil in May and June. I have no hesita-

tion in pronouncing this species indigenous to California.

Its geographical distribution eastward is probably quite

extensive.

Outwardly this species resembles M. Troyeri, but differs

in the size of somite I and in having ventral papillse and a

rudimentar}?^ gizzard. It differs from M. Hemfeli\n having

the sperm-ducts open into the prostate ; while the deltoid

arrangement of the ventral setse is different from that of

M. nov(B-zcela7idice.

Detailed Description.

Somites. —The somites in front of the clitellum are of

about the same size, excepting somite I, which is smaller,

its ventral part being only one-half as wide as the dorsal

part. Somite X is slightly smaller than somites IX and XI.

PapillcB.—K pair of papillae surrounds setae a in somite

XI, and a single median papilla which, however, is some-

times missing, is found in XII.

Setce. —The deltoid arrangement of the setse is found

both anterior and posterior to the male pores. This arrange-

ment of the set£e in M. parvus resembles that in M. Troyeri,

except that the anterior ventral setse are closer together in

the latter species, although not so close as in 3f. Benhami.

If we assume that in somite IX the interval between the

set« a is equivalent to 11, we get the following ratios: —
Somite IX: «-«=ii, a-b^%, b-c^=i^, c-d^=i^.

Somite XIV: a—a^i^, a-b^^ ; setae c, ^ missing.

Somite XVIII: a-a^i^ , a—b=^^, b-c=2,S> setce ^ miss-

ing.

Somite XXV: a-a=^20, a-b^i<,, b-c^i)^, c-d^=i8.

Somite XXXIV: a-a=20, a-b^^i"] , b-c=20, c-d=i8.

The deltoid arrangement begins posteriorly with somite

XIII, or thereabout, and ends with somite XVIII. In

somite XVIII the distance between setoe a and b is only
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half that between the corresponding setae in somite IX.

Setse c and d are as a rule absent in the clitellum. The
common set^ are faintly ornamented with six or eight

rows of short transverse wavey lines running obliquely

across the seta from apex to center.

Penial Setce. —The penial setas are slightly sigmoid at

the very apex. The one I dissected was smooth except for

two or three deep creases in the concave part just below

the apex, but I am not certain whether these creases were

natural or accidental.

Sef>ta. —The septa are all narrow and those thickened

are only slightly so.

Intestine. —The pharynx is developed only dorsally; it

forms a deep fold or sinus.

The gizzard in V is very rudimentary, the thickened

muscular layer being not more than twice as thick as the

same muscular layer in the following somites. It does not

cause the least swelling of the intestine in somite V, and is

hardly noticeable. The tubular part of the intestine is very

straight and only slightly nipped by the septa. This part of

the intestine is ciliated in somite XVI and in the posterior

part of XV. In XVI it connects with the sacculated intes-

tine which begins in XVI. The intestine is covered with

small chloragogen cells in XV to XXIV.

Sexual Organs. —These offer few characteristics. There

are two pairs of testes, two pairs of sperm-sacs, and one pair

of short ovisacs in XIV, projecting from the anterior septum

backwards.

The sperm-ducts run singly until they join the prostate at

a point just before it enters the body-wall; therefore the-

ducts actually enter the prostate. The prostate consists of

a glandular and a muscular part, the former being from three

to four times as wide as the latter, which equals it in length,

or maybe even longer. In one specimen the muscular part

is half as long again as the glandular; in another they are

of about the same length. The glandular part consists of
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two layers of cells, but the inner layer is made up of very

narrow cells. The glandular part is slightly folded and is

confined to somites XVIII and XIX, or to XVIII alone.

The spermathec^ consist of one pair of sac-like bodies of

oblong shape and irregular outline. The two diverticles are

of unequal size. They are about one-third the length of the

spermatheca. The nephridia commence in somite II. The
four most anterior pores are in line with setas d, those fol-

lowing are in a line with setee c, slightly ventral to them.

The nephropores in the clitellar somites are much larger

and more transparent than the others; they are surrounded

by a ring of very large cells.

Microscolex parvus, var. carolinianus, var. no v.

Definition. —Length 45 mm. , width 2 mm. Clitelhim Vz XIII->^ XVII.

Papillae: two on the ventral surface of XI and one median and ventral in XII;

also a single ventral, median one on the boundary between XVII and XVIII,

posterior to the male pores. Setae deltoid in their position towards the male

pore, the same as in the species. Dorsal pore between III and IV but the

first plain one between VII and VIII. A very large dorsal pore between

XIII and XIV. Spermathecae larger than in the species and the diverticles

almost as long as the main sac. The muscular part of the prostate is some-

what smaller than the glandular part. The gizzard is less rudimentary, the

muscular layer being about three to four times larger than the corresponding

layer in somite VI. The septal glands in somites V to IX are less developed

than in the species.

Habitat. —Raleigh, North Carolina. Two specimens col-

lected by Messrs. Brimley.

As is seen, the variety differs from the species only in the

greater development of various interior organs. The prin-

cipal difference is in the spermatheca with their large

diverticles, those of the species being particularly small.

Intermediate forms with the species will no doubt be found.

Microscolex Troyeri (Eisen).

Deltania Troyeri Eisen, Mem. Cal. Acad. Sci., Vol. II, No. 3, 1894.

This species is widely distributed. Specimens are rep-

resented from the following localities: Coulterville, Calif.,

twelve miles east of the town in the region of the yellow
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pine in the Sierra Nevada mountains; Redding, Calif.,

collected by Mr. Richard C. McGregor; San Francisco,

Calif., collected from flower pots by Mr. Charles Fuchs;

Orizaba, Mexico, collected by Mr. Albert Koebele.

The species resembles M. -parvus in the arrangement of

the setce, but differs externally, somite I being broader. In

M. parvus somite I is much narrower on the ventral side

than on the dorsal, and the whole somite is much narrower

than somite 11. In M. Troyeri somite I is wider than somite

II, and is not narrower on the ventral side. M. Troyeri

possesses no ventral papillae on any of the somites.

Microscolex Horsti, sp. nov.

Plate XIV, Fig. 185.

Definition. —Length 20 mm., width i>^ mm. Somites 45. Setae, begin-

ning with XXI, deltoid in arrangement both posterior and anterior to the

male pore. Small ventral paired tubercles in XI; two large ventral tubercles

in XIV adjoining and dorsal to the ovipores, which are in line with setae a.

The male pores are so close together that they appear to be situated on the

same papilla, between setae a, in XVII. Somite I is narrower than II, and

its dorsal side is half as wide as the ventral. Somites I-VI are a third nar-

rower than those following. Clitellum perfect in XIII-XVII. Penial setae

unequal, the longer curved, the shorter straight; both with the apex knob-like

and smooth.. Testes in X and XI. Sperm-sacs small, racemose, in XI and

XII. Sperm-ducts open into the muscular prostate. Prostate thick and
bent, confined to one somite. Spermathecae, one pair in IX, each with one
diverticle. A small rudimentary gizzard in V.

Habitat. —One specimen found among roots of plants in

a flower pot brought from Honolulu, Hawaii. Taken in

April, 1898, by Mr. Alexander Craw, State Horticultural

Quarantine Officer of California.

This species is well characterized. The close proximity

of the male pores, the single diverticle of the spermathecae,

the rudimentary gizzard, and the knob-like apex of the

penial setae serve to place it in the group formed by Micro-

scolex algeriensis and Microscolex modestus.

Unfortunately the specimen is badly twisted and all

the points could not be determined, but enough was shown

to entirely separate it from the two nearest allied species.
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The most anterior nephridia are probably in II, beyond

doubt in III. The intestine which iwS unusually narrow, is

nipped by the septa, and the gizzard \^ very rudimentary;

its muscular layer is of about the same thickness as the

muscular layer of the body-wall —not thick enough to cause

the intestine to bulge out. The sacculated intestine com-

mences in somite XVI. The -pharynx also is developed

ventrally and furnished with subpharyngeal glands. Strong

se-ptal glands extend back to somite VIII, there being none

in somite IX. The sferniatheccB are strong, each with a

single, rather large diverticle pointed backwards. The
diverticle joins the muscular part of the spermatheca close

to the body-wall. The sperm-ducts join the muscular part

of the prostate in the body-wall. Septa VIII to XIV are

somewhat thickened. The septa on all the anterior somites

are attached to the body-wall half way between the inter-

segmental grooves, in line with the setae. The interval

between setge a and b is slightly less than that between c

and d. In a general way the arrangement of the setae

resembles that of AT. Troyeri.

PLUTELLIN^.

Nomenclature.

In his Monograph on Oligochseta Beddard refers all the

species of Plutellus and Argilophilus to the genus Mega-

scolides. The genus Plutellus was created for a worm with

alternating nephropores, meganephridia, five pairs of sperm-

athecse and with calciferous diverticles in X, XI, XII. The
genus Megascolides was established by McCoy for a worm
with plectonephridia, two pairs of spermathecse, one diver-

ticle of the intestine, etc. My genus Argilophilus was

made for species with meganephridia, two pairs of sperm-

athecae, no calciferous diverticles, alternating nephropores.

If the various species are to be bunched under one genus,

then there can be no doubt but that the genus Plutellus

must be retained. But I think that we are not yet ready to join

plectonephric species with meganephric ones in one genus.
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There are other reasons why I do not think that Plutel-

Itis and Argilophilus are generically connected. Benham's

species Plutellus Perrieri possesses only one pair of testes

and one pair of sperm-funnels, and the funnels are enclosed

with the testes in a special sac. Scrutinizing Perrier's

description of his Plutellus heteroporus, it seems to me
probable that his species agrees with Benham's in some

very important points. May not Perrier have mistaken the

sperm-funnel for oviduct and the testes in X for ovaries ?

If such is the case, his species would resemble Benham's

in having one pair of testes and one pair of funnels, which

character I think will be sufficient to relegate the two species

to separate genera. In the only other American species,

Megascolides americanus Smith, related to these species of

Benham and Perrier we find plectonephridia and two pairs

of spermathecse. This species is thus undoubtedly more

related to the Australian species than to the American ones,

and I think Professor Smith is right in referring it to

Megascolides. It possesses plectonephridia and two pairs of

testes and sperm-funnels. As for Argilophilus, I propose

the genus for species with two pairs of testes and funnels

and with meganephridia.

American Species of Plutellincz.

A. Meganephridia, one pair of testes and one pair of sperm-funnels, more
than two pairs (four or five) of spermathecse.

Plutellus Perrier.

1. Three pairs calciferous glands.

Plutellus Jieteroporus Perrier.

2. No calciferous glands.

Plutellus Perrieri Benham.
B. Meganephridia, two pairs of testes and two pairs of sperm-funnels, no

calciferous diverticles.

Argilophilus Eisen.

Argilophilus marmoratus Eisen.

Argilopliilus Jiyalinus, sp. nov.

C. Plectonephridia, two pairs of testes and two pairs of funnels, no distinct

calciferous diverticles.

Megascolides McCoy.

Megascolides atnericanus Smith.
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A revision of the species belonging to the above genera

is highly desirable, but until it is done nothing is gained by

lumping together the species under one genus.

Argilophilus Eisen.

Argilophilus hyalinus, sp. no v.

Definition.— 'Length, of contracted specimen 90 mm., width 4 mm. Setae

paired. Penial setae present. Clitellum saddle-shaped, in XIII-XIX. Gizzard

in V, very large. Spermathecae three pairs, without diverticles, in VII, VIII,

IX. Spermathecal pores are postseptal, in front of setce b. Testes in X, XI.

Sperm-funnels in X, XI. Ovaries in XIII. Oviducts in XIV, opening in

front of setae a. Sperm-ducts join in XVIII. One pair of tubular, coiled

prostates in XVIII. The intestine without diverticles. Nephridia are mega-

nephric. Color hyaline, without any pigment.

Septal formula: —

vTvi, vi/vii, vii/viii, viii/ix, Tx/x, x/xi, xi/xii.

Habitat. —Coban, Guatemala, Central America. A single

specimen.

To the above short definition I can add only a very few

details on account of the maceration of the single speci-

men. The definition is, however, sufficient, as the three

pairs of spermathecae without diverticles serve to fully char-

acterize the species. The form of the sperniatheca is that

of an unopened toadstool. In size the spermathecee are

small, not reaching much above half the diameter of the

worm. The frostate is flattened and coiled in one plane,

spreading over two or three somites. The muscular part is

thickest near the base. The s^erm-ducts probably enter

the prostate at the junction of the glandular and muscular

parts. The setcB are almost smooth except for a few small

notches on the inner side near the apex. The penial setae

are of medium size, slightly curved, with some shallow cor-

rugations along the free end.

Argilophilus marmoratus coUinus, subsp. nov.

Plate XII, Figs. 118-121.

Definition. —Male pores situated on lunate papillae, which are somewhat

sunk and entirely enclosed by a continuous oval ridge. The two ridges are

connected by a median elevated band running in the direction of the long
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diameter of the body. Puberty-papillae varying in number, single, median,

never paired. The ventral interval between setae a-a slightly diminishing

from about somite XXIV to somite XVII. Penial setse with a few large

spines near apex. No dorsal pores. Prostomium divides somite I from one-

half to nine-tenths, and is furnished with two cross grooves.

Habitat. —California: Calistoga, Napa County ; Mill Val-

ley, Marin County: also at Duncan Mills, Sonoma County;

on rather dry hill sides among manzanita bushes and other

native vegetation. My attention was first called to this

interesting form by Dr. H. W. Harkness, to whom my
thanks are due for many fine specimens.

Affinities and Characteristics.

Although this worm differs considerably from the other

Californian forms of the genus I do not consider it to be an

independent, well defined species —no more so than A.
ornatus 2inA A . -pa^illifer . These three forms are only

externally distinct, and so far as I can see agree in internal

structure. They appear to me as the beginning of species

branching from a commonstock. With these exterior differ-

ences are connected differences in habitat. A.^afillifer is

only found in comparatively very moist places, generally in

heavy adobe soil, such as near streams, along ditches, under

logs, in flooded places. A. ornatus is found in less moist

places, in ordinary adobe soil, while A. collinus is found

only on dry hill sides, which are never exposed to excessive

moisture. I have nowhere found these forms intermingling

with each other in the same locality, and it appears as if

their external structure was due, in part at least, to their

different habitats.

A . ^a^illifer resembles A . collinus in possessing only

unpaired median puberty papillge, while A. ornatus possesses

pairs of such papillas in the intersegmental grooves. In A.
ornatus and A . j)apillifer the structure of the genital zone

is the same, the male papilla being connected by a thin

transverse band, running in the short diameter of the body.
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In A. colliniis this band is broad and runs in the long

diameter of the body. In A . ornatus and A . -pa^illifer the

ventral interval between setae a-a does not narrow towards

the male pore, while in A. collinus this distance becomes

less towards the male pore. There is also a slight diver-

gence between the setae a-a anterior of the male pore (fig.

119).

Another slight difference is seen in the prostomium. In

A. collinus the prostomium divides somite I very deeply,

sometimes almost entirely, while in A. -papillifer and A.

ornatus the posterior prolongation of the prostomium never

exceeds the middle of somite I.

As the triple nomenclature has been objected to by some,

it may be advisable to retain the name A . marmoratus for

the form without papillae, making those with papillae varieties

under this species.

DIPLOCARDIN^.

General Remarks on Affinity.

Michaelsen's (30) suggestion that the genus Diflocardia

be referred to a family of its own is, I think, a good one.

But I do not agree with him in regard to the distinguishing

feature of the family. The genus Trigaster and my new

genus Zafotecia are the disturbing factors in a perfectly

satisfactory arrangement of the genera and species of this

family and those of BenhamincB. The question arises,

which character should be given more weight, the neph-

ridia or the calciferous diverticles? Whichever is adopted,

we meet with difficulties. On the whole, I think that in

this instance the calciferous diverticles are of more syste-

matic importance than the nephridia. Accordingly, I place

in this family the genera Trigaster and Zafotecia. The

latter genus is created for a species with meganephridia

and without calciferous diverticles. To join this species

with Diplocardia is, according to present ideas, impossible.
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and I think it is best to keep species with three gizzards

out of that genus. The completely hidden nature of the

sperm-ducts is also an interesting feature of the genus,

which character it shares with Trigaster . To join Za^o-

tecia with Benhamia is even less natural. With the genus

Trigaster there is a greater affinity and at first I had

arranged the species under that genus; but it now seems

to me more proper to keep meganephric and plectonephric

species apart, except in cases where we know with cer-

tainty that great variation exists in their structure, as for

instance, in Dichogaster.

In a preliminary paper (Eisen 22) have been noted in a

general way the characteristics of various species of Diplo-

cardia which have been examined critically. Through

the kindness of Professor Frank Smith of the State Bio-

logical Laboratory of Champaign, Illinois, I have been

enabled to study the specimens of all the Diplocardia spe-

cies in his possession, and have made observations on

some points which previously had been either overlooked or

misunderstood.

Professor Smith has also had the kindness to call my
attention to a couple of errors in the above mentioned

paper. The species of Diplocardia so far known are

remarkably well characterized for identification, differing

strikingly in the external genital zones as well as in their

inner organization. The median ventral zone around the

prostates is well marked, but I think too much significance

should not be placed on the presence or absence of papillae,

there being considerable variation in different specimens.

Of more importance is the form and size of the zone, the

curvature and shape of the sexual grooves between the

prostates, the size and ornamentation of the penial and

spermathecal set«, the location of the spermathecal pores,

etc.

By courtesy of Professor Albert Koebele I add the

description of a new species, characterized by the posi-

tion of the male pores in somite XVIII. This raises the
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number of known species of Di-plocardia to nine, which is

probably but a small fraction of what will be found in the

future.

Morphological Features.

There are several structural details in the finer anatomy

of Diflocardia which are of more than common interest,

for example, the glandular crop in somites XIV and XV,
which is found in at least one of the species, Diplocardia

Michaeheni, and which may exist in others. In another

species, Diplocardia JSiseni, Michaelsen found lime-secret-

ing tissues in the same somites. This structure is said by

him to resemble that of the calciferous diverticles without

partaking of the diverticular nature.

Another interesting morphological feature of this genus

is the structure of the prostate. I have investigated the

prostates of D. smgularis caroliniana, D. Udei and D.
Michaeheni . In all these species the prostates are exteriorly

more or less tubular, but the surface is rough, warty, wavey
and uneven. Longitudinal sections show the lumen of the

glandular part in D. caroliniana to be rather wide and

straight, continuing regular from one end to the other. It

is lined by large columnar epithelial cells as is usual in all

higher terrestrial Oligochaeta except the Ocnerodrilini.

In the glandular prostate of D. Michaeheni the lumen is

very narrow, being no wider than the lumen of the muscular

part; and instead of being unbroken it sends out along its

entire course numerous large or small side branches into

which open the glandular prostate cells, though some also

open in the main canal. The main lumen, as well as the

branches, is lined by what appears to be a membrane con-

sisting of thin, narrow strands of connective tissue, in which

no nuclei are seen. In other words, the inner epethelial

layer of cells, which is supposed to be characteristic of the

higher Terricolse, is wanting.

In D. Udei the main lumen of the glandular prostate is

so irregular and branching that none of the sections show

(6) December 20, 1899.
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more than a very short piece of it. Everywhere in the mass

were seen numerous minute lumens, so small that they

could barely be studied with the highest lens systems. The
lumen system in this species is racemose, very similar to

the stem of a bunch of grapes. The main lumen and the

branches are lined by narrow strands, the same as in D.

Michaelseni. In addition to these, the main lumen has

here and there minute epithelial cells; these, however, are

absent in the branches. Thus, D. Ude z tsikes an interme-

diate position between the two other species mentioned

above. The variations in the position of the spermiducal

pores, ranging from XVIII to XXI, are also of the greatest

interest. It seems probable that when more species are

known, the genus Di-plocardia will prove to be of great

morphological interest.

Diplocardia Garman .

Definition. —Setse, eight, in four couples, lateral and ventral. Penial setae,

present or absent. Spermathecal setae, present or absent. Prostomium

divides somite I more or less. Clitellum saddle- or ring-like, generally

XIII-XVIII. Oviducal pores XIV. Spermathecal pores, two or three pairs,

either postseptal or preseptal. Spermiducal pores on XVIII, XIX, XX, or

XXI, according to species. Prostate pores on somites next anterior and

posterior to the spermiducal pores. The pores on each side connected by a

groove. A genital zone generally present, with or without papillae. Intes-

tine with two gizzards, generally in V, VI. CEsophagus either with or with-

out folds containing calcic concretions. Tubular intestine never with cal-

ciferous diverticles, as in Benhamia. A glandular crop sometimes in XIV
and XV. Sperm-sacs, one pair preseptal in IX, one pair postseptal in XII.

Two pairs testes in X and XI. Two pairs sperm-funnels in X and XI.

Prostates, two pairs opening anteriorly and posteriorly to the sperm-ducts.

Spermathecse, two or three pairs, each one with a diverticle near the center.

Dorsal vessel double or single. Nephridia and meganephridia generally

without ccelomic mantle.

Habitat. —As far as known, the genus is confined to the

United States and to northern Mexico.

The following subdivision of Diplocardia is based on the

location of the spermiducal pores: —
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Key to the Subgenera and Species of Diplocardia.

I. Spermiducal pores in somite XXI. No penial setas.

Aleodrihis Eisen.

1. Keyesi (Eisen).

II. Spermiducal pores in somite XX.

Oniahania, subgen. nov.

2. verrucosa Ude.
III. Spermiducal pores in XIX.

Diplocardta Garman (sens. str.).

a. Spermathecae two pairs.

3. Both pairs of spermathecal pores are posterior to setae or pre-

septal; sexual spermathecal setae in VIII and IX.

Eiseni (Michaelsen).

4. The pair of spermathecal pores in VIII is postseptal; the pair in

IX is preseptal; sexual spermathecal setae in VIII and IX.

Michaelseni Eisen.

5. Both pairs of spermathecal pores are postseptal; sexual sperma-

thecal setae in VIII, IX and X Udei Eisen.

6. Both pairs of spermathecal pores are postseptal; no sexual sperm-

athecal setae riparia Smith.

b. Spermathecae three pairs.

7. Penial setae straight, about one-half longer than ordinary setae.

Sperm-ducts are hidden in the body-wall.

communis Garman.
8. Penial setae sigmoid, several times longer than ordinary setae.

a. Penial setae not ornamented. Color dark brown.

singularis (Ude).

b. Penial setae ornamented. Color pink.

singularis caroliniana, subsp. nov.

IV. Spermiducal pores in XVIII.

Naillenia, subgen. nov.

9. Spermathecae two pairs. Their pores postseptal, in VIII and IX.

Sexual spermathecal setae in IX.

Koebelt, sp. nov.
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Diplocardia (Aleodrilus) Keyesi (Eisen).

Plate XIII, Fig. 136.

Aleodrilus Keyesi Eisen, Mem. Cal. Acad. Sci., Vol. II, No. 5, 1896.

Diplocardia Keyesi Eisen, Zool. Bull., Vol. II, No. 4, 1899.

Defaiition. —Color, flesh, marbled violet, no pigment. Size, 70 mm. by 5

mm. Somites, 150. Prostomium divides somite I about one-half. Dorsal

pores, the most anterior one in I, VIII/IX. Spermiducal pores in XXI.
Spermathecal pores, two pairs, in VIII and IX, in front of setae ab. Prostate

pores in XX and XXII. Oviducal pores in front of setae a. Setae all ventral;

a-b slightly larger than c-d; a-a larger than b-c. No sculpture. Penial setae

none. Spermathecal setae not differentiated. Clitellum ring-like anteriorly,

posteriorly saddle-shaped. Genital zone not distinct; two parallel grooves in

}i XX-% XXII; groove almost straight, with a knob at each apex; con-

cavity turned ventrally. QEsophagus without calcic concretions. Gizzards in

V and VI. Sacculated intestine in XV. Dorsal vessel single, not covered

with chloragogen cells. Hearts in X, XI, XII, with large pulsating divisions;

no chloragogen cells. Nephridia, meganephridia, no coelomic mantle. Testes

in X and XL Sperm-flinnels in X and XI. Sperm-ducts, which join at

XII/XIII in a common muscular sheath; fuse in XX/XXI. Sperm-sacs, one

pair preseptal in IX, one pair postseptal in XII. Sperm-masses in X and XI.

Oviducts in XIV. Prostates confined to one somite each, small, tubular,

thicker at apex. Spermathecae, two pairs in VIII and IX; distal end knob-

like; the duct is very slender and long, with a minute wart-like and ear-

shaped diverticle situated about the middle.

Septal formula:

—

VI/VII, VII/VIII, VIII/IX, IX/X, X/XI.

Habitat. —Ensenada de Todos Santos, Baja California,

Mexico.

Detailed Description.

SpermatheccB. —(fig. 136). The form of the spermathecae

is the same as was figured in a previous paper (Eisen 18).

The duct is very long and slender, though confined to one

somite. It carries a small wart-like and ear-shaped diverti-

cle, situated about half-way from the globular knob to the

base. In this respect the species agrees with the other

known species of the genus. The diverticle is no wider

than the duct and resembles an agglomeration of three or

four minute warty protuberances. In the former paper

these protuberances were noted but were then considered

accidental. I am now satisfied that they constitute a true
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though minute spermathecal diverticle, being constant both

in position and size, as I afterwards ascertained by examin-

ation of another specimen.

S-perm-sacs. —There are two pairs of sperm-sacs. One

pair is preseptal and sHghtly racemose in IX, protruding into

the somite from septum IX/X. It is situated laterally and

rather ventrally. A pair of strongly racemose sperm-sacs

is also found in XII, but these are postseptal, protruding

backward into XII from septum XI/XII. These latter

sperm-sacs are much larger and much more racemose than

those in IX. Hence it will be seen that D. Keyesi even in

this respect agrees with the other species of the genus.

Subgenus Omahania, subgen. nov.

Diplocardia (Omahania) verrucosa {Ude).

Diplocardia verrucosa Ude, Zeitschr. wiss. Zool. Bd. LXI, 1895, p. 133;

EiSEN, Zool. Bull., Vol. II, No. 4, 1899.

Definition.— Color, pink. Size, 65 to 75 mm. by 2.5 to 3 mm. Somites,

100 to 125, body round, of even thickness. Prostomium divides somite I by

one-half. Dorsal pores, most anterior one VIII/IX (or X/XI). Spermiducal

pores on XX. Spermathecal pores on anterior third of somites IX and X,

somewhat dorsal to setae d. Prostate pores on XIX and XXI. Oviducal

pores interior to setae a; no glandular ridge. Setae sigmoid, very faintly

ornamented. Distance d~d more than half the periphery; c-d somewhat

greater than a-b; a-a three times, and b-b two and a half times greater than a-b,

no setae ab in XX. Penial setae curved, not ornamented. Spermathecal setae

not differentiated. Clitellum saddle-shaped, XIII-XVIII. Genital zone a

rectangular field from posterior ^ XVIII->^ XXII, extending laterally to

center between b-c. Two deep grooves from yi, XIX- >^ XXI, the convexity

of which is outwards, except in the center of XX, where it is turned towards

the median line; one median papillae on XXII; one pair papillae on XIX in

line with setae b\ one pair papillae on XIX and XXI, interior to grooves; one

pair papillae exterior to grooves on each of XIX, XXI, XXII (two pairs

papilla on each of XIX, XXI, and three papillae on XXII). CEsophagus, no

calciferous folds or thickenings. Gizzards in V and VI. Sacculated intestine

commences in XVI. Dorsal vessel single. Hearts, three pairs in X, XI, XII.

Nephridia, meganephridia, commence in II, pores intersegmental in front of

setae d. Testes in X and XL Sperm-funnels in X and XI. Sperm -ducts

open in central part of groove in XX. Sperm-sacs, one pair preseptal in IX,

one pair postseptal in XII. Oviducts open in front of and interior to setae a.

Prostates very thin, even, bent in four folds, confined to one somite each. •
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Spermathecce, two pairs in VIII and IX, retort-like, with a small, short-

stalked, ear-like diverticle below the center. No specialized spermathecal

setae.

Septal formula:

—

VI/VII, VII/VIII, VIII/IX, IX/X, X/XI, XI/XII.

Habitat. —Omaha, Nebraska.

The above definition is taken from Ude's description.

There is in my mind some doubt about the position of the

spermathecal pores in Dij[)locardia verrucosa. Ude says that

the pores are situated on the anterior third of IX and X,

and between the setae d. In specimens sent me by Dr.

Frank Smith labeled D. verrucosa, the spermathecal pores

are situated in IX and X, as described by Ude, but the

pores are a little dorsal to setae a. However, we must for

the present accept Ude's statement, twice repeated (pp. 133

and 135), and will therefore assume that the specimen sent

by Dr. Smith belongs to a different species, also belonging

to the subgenus Omahania. What throws a doubt on the

position of the spermathecal pores is the fact that Ude

(5, p. 135) states that the ovipores also open between setae

d. His fig. 14, however, shows that these pores open nor-

mally, that is, ventral to setae a. The references to set^e d

may be a misprint in both instances. D. verrucosa, as well

as the species sent me by Dr. Smith, differs also from all

of the Diplocardias in the position of the spermathecal pores

in IX and X. In no other species is a spermathecal pore

found in X. This may possibly be a characteristic of the

subgenus Omahania.

Subgenus Diplocardia Gar man.

Diplocardia Eiseni (Michaelsen).

Geodrilus Eiseni Michaelsen, Zool. Jahr., Abth. Syst. Bd. VIII, 1894, p. 177.

Diplocardia Eiseni (Michaelsen) Eisen, Zool. Bull., Vol. II, No. 4, 1899.

Definition. —Color, dorsally dark brown, pigmented, clitellum violet gray.

Size, 150 mm. by 2 mm. Somites 165; VIII-XIII smoother and wider than

the others. Prostomium divides somite I about one-half, with the lateral

margins strongly converging. Dorsal pores, most anterior one on XI, first
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distinct one on XIII. Spermiducal pores on XIX in line with setae a. Sperm-

athecal pores on VIII and IX, posterior to setas a, in line with a-b. Prostate

pores on XVIII and XX, in line with setae b. Oviducal pores near median

line, surrounded by a zone. Setae, sigmoid, with numerous fine bars; a~a

about one-twelfth, d-d, five-ninths the whole periphery; b-c is shorter than

a-a\ ab shorter than c-d; a-b, half as long as b-c; ab, slightly shorter than

c-d. Setae b in XIX is present, a is absent or present. Penial setae rudiment-

ary or very small, in the body- wall of XVIII and XX. Spermathecal setae

differentiated and ornamented in VIII and IX. Clitellum ring-shaped in

XIII-XVII, saddle-shaped in XVIII. Genital zone, a quadrangular, glandu-

lar, ventral zone in XVIII-XX, in the corners of which lie the prostate pores.

The two grooves are curved ventrally. No depressed area and no papillae.

Gizzards in V and VI. Sacculated intestine commences in XVIII; a dorsal

typhlosole. Dorsal vessel alternatingly double and single in VI-XV. Hearts,

four pairs in X-XIII. Nephridia, meganephridia, commence in II. Testes

in X and XI. Sperm-funnels in X and XIX. Sperm-ducts join, but do not

fuse until at the male pore in XIX. Sperm-sacs, one pair preseptal in IX,

one pair postseptal in XII. Oviducts large. Spermathecae, two pairs in

VIII and IX. A large sac-like part and a thinner, irregularly bent, muscular

duct; a small, stalk-like diverticle with a knob-like apex.

Septal formula:—

VI/VII, VII/VIII, VIII-IX, IX/X, X/XI, XI/XII, XII/XIII, XIII/XIV,

XIV/XV, XV/XVI.

Habitat, —Orange County, Florida. Specimens received

from Professor Frank Smith.

Detailed Description.

Body. —The somites of this species are much more dis-

tinctly set than those of any of the other species. The

grooves are deep, the equato rials of the somites standing

out boldly. None of the specimens possess a depressed

genital zone. The copulatory grooves connecting the

prostates and male pore are, on the contrary, situated on

two elevated ridges, the whole zone being raised above the

sexual surface of the body and more prominent than the

clitellum.

The prostomium divides somite I about one-half. Somites

II to IX increase gradually in width posteriorly. Somites

VIII and IX are of about equal width. Somites X, XI, XII

are about of the same width as somites VIII and IX. The

papillge on which are. situated the spermathecal setse are not

very prominent.
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The color of alcoholic specimens is grayish with a tint of

brown on the dorsal anterior parts, undoubtedly due to pig-

ment. According to Professor Smith the color is dark

brown in life.

The tail of the worm is very characteristic. The last few

somites are not only much narrower, but are also much
shorter than any of the others. In three of the specimens

the last seven or eight somites are half as long and a fifth as

wide as the somites next anterior. They are of a pale

whitish color prominently marked off from the deep gray of

the other somites. In the fourth specimen only the last two

somites are smaller and whiter. By width of the somite is

meant the extension from head to tail; the length is the

diameter across the body. These last somites appear as 4f

they had been regenerated, but as all the specimens agree,

I am inclined to consider this diminution in size a constant

character.

Diplocardia riparia Smith.

Plate XIII, Figs. 143, 144.

Diplocardia riparta Smith, Bull. 111. State Lab. Nat. Hist., Vol. IV, 1895,

p. 285.

Definition. —Color brown anteriorly and dorsally, clitellum dull coppery

colored. Size 220-250 mm. Somites, 136-157. Prostomium divides somite

I by one-half. Dorsal pores, most anterior one on anterior margin of XI,

near X/XI. Spermiducal pores in XIX. Spermathecal pores, two pairs in

VIII and IX, anterior to setae ab. Prostate pores in XVIII and XX. Ovi-

ducal pores in XIV. Setae as in D. communis, no ventral setcc ab in XIX.

Distance a-a=b-c; a-b very little larger than c~d. Penial setae in XVIII and

XX. Spermathecal sets not differentiated. Clitellum saddle-shaped, in

XIII-XVIII. Genital zone, no rectangular ventral zone; a ventral depres-

sion in XVII-XXI, deepest in XVIII and XX. A pair of crescent-shaped

grooves curved ventrally from center of XVIII-XX. Two papillae very close

to median line, between XXI/XX. One median papilla XVI/XVII, one

pair papillae XVII/XVIII, one pair papilte XX/XXI, one pair papilla;

XVII/XVIII. Gizzards in V, VI. Sacculated intestine commences in XVIII.

Dorsal vessel single. Nephridia, meganephridia, a small pair in II. Testes

in X and XI. Sperm-funnels in X and XI. Sperm-sacs, one pair preseptal

in IX, one pair postseptal in XII. Prostates in XVIII and XX. Sperma-

thecae, two pairs in VIII and IX, with a large ear-like diverticle pointing for-

ward, which is very prominent and exteriorly slightly racemose. Anterior
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and posterior spermathecse are of the same size. Septa (according to a sec-

tion placed at my disposal by Professor Frank Smith):

—

V/VI, VI/VII, VII/VIII, VIII/IX, IX/X, X/XI, XI/XII, XII/XIII,

XIII/XIV.

Habitat. —Havana, Illinois. Professor Frank Smith

kindly furnished me several specimens.

Detailed Description.

Genital Zone. —The genital zone is slightly sunken, very

much as in Smith's specimens of D. communis, but to a

lesser extent. The centre of the zone in XIX is higher,

while the depression exists in XVIII and XX. But even

the depressions are slightly elevated in the centre, so that

there appear to be four separate depressions, one in each

corner of the zone. The ridge surrounding the zone is

very low. There is one pair of papillse in the posterior part

of XVII and one smaller pair in XX. One specimen pos-

sesses a large median papilla in XVI/XVII. In this

papilla are seen two distinct depressions, giving it the ap-

pearance of being double. The papilla is strictly median

and not in line with the papilla of the zone, which latter are

all in line with setae ab.

Sperm,athecce. —As these organs have not been figured,

and as their shape is of considerable importance, I have

thought best to give two figures (143, 144) of the two

spermathecse from the same side of a specimen.

Sperm-ducts. —According to longitudinal sections lent me
by Professor Frank Smith, the sperm-ducts generally run

between the ccelomic epithelium and the longitudinal mus-

cular layer. Here and there, however, they are covered

by a single strand of muscles. The same characteristic is

also found in D. co^nmunis. According to a private com-

munication to me by Professor Smith, the statement by

Garman, that the ducts in D. communis run entirely in the

muscular layer, is considerably misleading. Even in this

species the ducts are merely covered by the coelomic epithe-

lium and not by muscular strands as in Trigaster.
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Diplocardia Michaelseni Eisen.

Diplocardia Michaelseni Eisen, Zool. Bull., Vol. II, No. 4, 1899.

Definition. —Color, flesh. Size, 45 mm. by 2 mm., hardly tapering pos-

teriorly. Somites, 63. Prostomium divides somite I completely. Dorsal

pores, most anterior IV/V. Spermiducal pores XIX. Spermathecal pores,

one pair preseptal in IX, one pair postseptal and almost central or median in

VIII. Prostate pores XVIII, XX. Oviducal pores XIV, in front of and

anterior to setae a, close together. Setae all ventral; a-a=3 a-b\ a-a about

one-third larger than b-c\ <^-f =about 2 a-b. Penial setae present at spermi-

ducal pore. Spermathecal setae present in VIII, IX; setae a and b being

differentiated and sculptured. Clitellum ring-like, dorsally XIII-)^ XVIII;

ventrally XIV-XVII. Genital zone, a deep central, oval pit in XVIII-XX,

surrounded by an elevated ridge. A pear-shaped ventral and median papilla

in XXI and >^ XXII, and a similar papilla in >^ XXII and XXIII. Grooves

between prostate pores are straight. A pair of deep, round pits in posterior

part of XVII. No paired papillae. CEsophagus straight or bent, not widen-

ing in any somite. Gizzards VI, VII. A large, thick glandular crop in XIV,

XV. Sacculated intestine commences in XVIII. Dorsal vessel single (?),

swollen in XVI, XVII. Hearts X, XI. Nephridia, meganephridia. Testes

very large in X, XI. Ovaries are digitate. Sperm-funnels in X, XL Sperm-

sacs, three pairs, in IX, X, XII. Those in IX are preseptal, those in X and

XII are postseptal, in IX only sperm-masses. Oviducts in XIV. Prostates

occupy somites XVII-XXI, glandular part contains only one layer of cells,

muscular duct folded, glandular part thick. Spermathecal duct muscular,

long, folded, pouch large in two divisions; a large, oval, exterior diverticle,

pointed forwards. The spermathecae in VIII open anterior to setae, those in

IX open posterior to setae.

Septal formula:

—

VI/VII, VII/VIII, VIII/IX, IX/X, X/XI, XI/XII.

Habitat. —I possess a dozen specimens of this very inter-

esting species, from Raleigh, North Carolina. Collected

by Messrs, Brimley.

Occurs in swamps and in water under logs together with

D. Udei and D. singularis caroliniana.

In this species, as in D. Udei, there are bundles of glands

opening jointly in a pair of circular orifices in VIII and IX,

between the sexual spermathecal setae. These glands are

interposed between the layers of the body-wall and the

epithelial cells, and run parallel with the longitudinal axis of

the body. Their structure is described more in detail in a

memoir soon to be published by the California Academy of

Sciences, San Francisco.



1 78 CALIFORNIA ACADEMYOFSCIEMCES. [Proc. 3D Ser.

Affinity. —Diplocardia Afichaeheni resQxnhles, D. Udei 2ind

D. Eiseni in possessing spermathecal sexual setse accom-

panied by interior glandular structures in the body-wall. It

differs from all other species so far described in the position

of the spermathecal pores, which in somite IX are pre-

septal, while in somite VIII they are postseptal. As far as

we know it also differs in the possession of a glandular crop

in two of the clitellar somites similar to the one described

in Pontodrilits Michaelseni (Eisen, 17).

External Characters.

Body. —The body is cylindrical, and does not taper either

to head or end. The somites are not well marked off.

The width is about the same at any point of the body, ex-

cept at the clitellum, which widens a very little.

Somites. —The three anterior somites are much narrower

than the others, and of about equal width, being about three-

fourths as wide as IV, and one-half as wide as V. Somites

V, VI, VII are of about the same width. The clitellar

somites XIII to XVII are of about the same width or slightly

wider and longer than the others.

The -prostoniiutn divides somite I entirely, reaching the

intersegmental groove I/II.

Dorsal Pores. —Most anterior dorsal pore is between

IV/V. Between II/III and III/IV there are slight depres-

sions.

Spermathecal Genital Zone. —There is one pair of closely

approximated papillae in VIII and IX occupying about

three-fourths of the ventral side of these somites. The
papillae are rosette-like, each with a central depression from

which apparently protrude the sexual spermathecal setae.

In the posterior margin of IX, in line with setae ab, are two

preseptal spermathecal pores. In VIII no such pores are

visible.

Postclitellar Genital Zone. —There is an oval sunk field in

the ventral side of somites XVIII-XX, surrounded by a

swollen margin protruding beyond the body line. This



ZooL.—Vot. II.] RISEN—OLIGOCHMTA. 179

field is connected anteriorly with two deep pits in the pos-

terior margin of XVII. Somites XXI, XXII, XXIII are

occupied by two large ventral pear-shaped swellings, as

wide as the zone in XVII-XX. Each one of these pear-

shaped swellings occupies one and a half somites. There

are no other papillae.

The clitellum appears ring-shaped and perfect, except for

a V-shaped ventral depression in XIII and XIV. The clitellar

somites are of even size and form and quite smooth. The

intersegmental grooves are perfect.

Spej'maihecal Sexual SetcB and Glands. Setae ab in VIII

and IX are differentiated sexual setae. They are strongly

sculptured in about the same way as those of Diplocardia

Udei, but the anterior part of the ridges are drawn out into

short spines.

The set£e are accompanied by glandular structures in the

body-wall, as far as I can see exactly like those in Diflo-

cardia Udei, only not quite so numerous. They all open

into a common globular chamber, there being no side

chambers as in D. Udei.

Internal Characters.

Septa. —The enlargement of the septa is principally

dorsal. This refers especially to the septa separating

VII/VIII, VIII/IX, in which the dorsal part is two or three

times wider than the ventral part.

Septal and Pharyngeal Glands. —The suprapharyngeal

glands are well developed. There appear to be at least

seven dorsal lobes. There are three pairs of very minute

septal glands in VI, VII and VIII, situated close to the

intestine and suspended by muscular strands. The one in

VIII is the largest, and is at the widest part as wide as the

wall of the intestine. Those in VI and VII are much
thinner and one to three cells thick. A very interesting

fact is that throughout the intestine in somites VII, VIII and

IX are seen isolated dark-staining streaks, which upon

examination are found to consist of glandular cells, exactly
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like the septal glands. They are found between the epithe-

lial cells and the muscular layers, the same as the septal

glands, and differ from the cells of the glandular crop by
their intense staining, and by their shape, which is also

similar to the septal glands. They do not appear to dis-

charge into the intestine. The glandular cells are apparently

of the same nature as the septal glands. The glands in the

crop in somites XIV and XV do not stain deeper than the

epithelial cells, but rather more faintly, and not at all with

the blue colors, as do the septal glands.

SpermatheccB. —In Diplocardta Eiseni both spermathec£e

open immediately in front of the septa, and in the majority

of the other species so far known the spermathecse open

posterior to the septa. The present species occupies an

intermediate position in that one pair of spermathecse are

preseptal, while the other is postseptal. The preseptal

pores are situated very close to the septum, but the post-

septal pores are situated very near the center of the somite,

in line with and immediately in front of setae ab^ —so near

that the pores appear actually in the place where setae ab

are generally found, while these setae have been pushed

slightly backward. Set£e ab in somites VIII and IX are

differentiated sexual setee. In the only specimen sectioned

the posterior spermathecse are the longest, pushing back-

wards to the posterior end of X, but still confined in IX.

Each spermathecse consists of a folded muscular duct and a

sac-like part, the latter strongly constricted at the centre.

Each division is oval or semioval, in width about equal to

one-fourth the diameter of the body cavity. The length of

the sac-like parts of the spermathecae in IX is equal to or

even greater than the diameter of the body, or equal to the

two somites IX and X. The spermathecse in VIII are a

little smaller, which probably is due to want of space to

develop, they being crowded on one side by the gizzards

and on the other by the spermathecae in IX.

As regards structure the spermathecae resemble those of

D. Udei. The lower part, at least, of the muscular duct is

surrounded by glandular cells and these again by stray
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muscular strands. The diverticle of the spermathecae in

VIII is so large that it projects through the septum VII/VIII

into VII. It does not seem to contain any trabeculse.

Reproductive Organs. —Testes are large, in X, XI.

Ovaries are strongly digitate, longitudinal sections showing

six or eight narrow lobes starting from the septum.

S-perm-sacs. —There are three pairs of sperm-sacs sur-

rounded by a peritoneal membrane. The pair in IX is

slightly racemose and preseptal. The pair in X is not

racemose, but still traversed by trabeculae starting out from

septum IX/X. They are thus postseptal. In XI there is

a large sperm-mass like the pair in X, but there are no

trabeculae and there is no peritoneal membrane. The sacs

in XII are strongly racemose and postseptal.

Prostates. —The prostates are large and thick, each one

folded once. The outline is rough, wavy and warty. The

muscular duct is well marked and folded two or three times.

Each prostate occupies about two somites. They open as

usual near sacs with penial setae, but I am unable to say

whether these are sculptured or smooth. The structure of

the glandular part of the prostate is peculiar. The lumen is

not wider than the lumen of the muscular part. This lumen

is along its entire length ramified with tapering branches

into which open the glandular cells. The lumen appears,

both in the main canal as well as in the branches, to be

lined by a thin membrane only, which probably must be

considered as a reduction of the regular columnar epithelial

cells which characterize the prostates of all higher Oli-

gochseta except the Ocnerodrilini. This membrane con-

tains, so far as I can see, no nuclei. The glandular part of

the prostates is thus only one layer thick, all the cells being

of the same quality. Around each branch of the lumen

the glandular cells are arranged as around the lumen of a

common prostate. They also open in the main lumen.

Compared to the prostate of D. Udei, the parts of the

present species are yet more reduced as regards the inner

epithelium. In D. Udei I could now and then find a nucle-

ated cell in the lining epithelium, while in D. Michaelseni
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there are neither distinct cells nor nuclei. The branching

of the lumen is more simple and regular in D. Michaeheni

than in D. Udei.

Vascular System. —I find muscular connecting vessels

or hearts in X and XI only. There is no supraintestinal

dilatation of the dorsal vessel, as in some other species.

The dorsal vessel appears to be single.

Intestine. —The gizzards are very short and thick and the

connection between them is not thin, being about one-third

as wide as the widest part. (Esophagus is straight. Tubu-

lar intestine is straight, slightly and gradually widening

posteriorly. In XIV and XV we find the most character-

istic part of the intestine. It consists of an oblong thick

glandular crop of the same general structure as the one I

have previously described in Pontodrilus Michaeheni . The

crop consists of a thick glandular layer of cells which

appears between the inner epithelium and the muscular

layer. This layer consists of a great number of small

cubical cells without any apparent ducts. But unlike

Pontodrilus Michaeheni, no vascular blood loops are found

penetrating the cell-layer, which appears homogeneous

throughout. The part of the tubular intestine situated

between the crop and the sacculated intestine, that is, from

the posterior one-third of XV to the beginning of XVII, is

strongly ciliated. The sacculated intestine is only very

slightly wider than the tubular intestine.

Diplocardia Udei Eisen.

Plate XI, Fig. 117; Plate XIII, Figs. i45-i54-

Diplocardia Udei Eisen, Zool. Bu)]. Vol. II, No. 4, 1899.

Definition.— Color flesh, without any pigment; an even tint all around the

body. Size, 70-90 mm. by 2 mm. at the widest part. Somites, 200-220.

Prostomium divides somite I about two-thirds. Dorsal pores, most anterior

one in anterior part of XI. Spermiducal pores in XIX. Spermathecal pores,

two pairs, in front of setae b on anterior part of VIII and IX. Prostate pores

in XVI 11 and XX. Oviducal pore in XIV. Setae: a-a =3 rt-6; a-a slightly

smaller than b-c; b-c=4 a-b (about); c-d not quite twice as wide as a-b; d-d
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greater than half the periphery. In VIII, IX and X, «-«=! i^ a-b. Penial

setae present, ornamented. Spermathecal setae differentiated in VIII-X,

highly ornamented, accompanied by glands in the body-wall. Clitellum dor-

sally XIII->^ XVIII, ventrally XIII-% XXI. Genital zone a narrow, deep,

rectangular depression, deeper than in any of the other species, surrounded

by a thick, elevated ridge. Tubercula pubertatis in XIX-XXI, a pair of papillae

in XVIII. Most anterior septum II I/I V. Oesophagus, no dilations containing

calcic concretions. Gizzards in V and VI. Sacculated intestine commences in

XVII. Dorsal vessel single, thickly covered with chloragogen cells. Hearts

in X-XII, with chloragogen cells. Meganephridia, no coelomic mantle.

Testes in X and XL Sperm-funnels in X and XI. Sperm-sacs, one preseptal

in IX, one postseptal in XII, both racemose. Oviducts small. Prostates

very short and thick, occupying two somites each. Spermathecas with a

diverticle hidden in the wall of the spermathecae, not perceptible except in

sections. Anterior spermathecae largest. ,

Septal formula:

—

VI/VII, VII/VIII, VIII/IX, TX/X, X/XI, XI/XII.

Habitat. —Raleigh, North Carolina. Collected by Messrs.

Brimley.

This species comes nearest to D. Eiseni and D. rifaria^

without exactly being intermediate between the two. From
D. Eiseni it differs in the position of the spermathecal

pores and in the number of somites containing sexually

differentiated spermathecal set«, there being two such

somites in the former and three in the latter species. There
is also a pronounced difference in the genital zone, which in

D. Udei \s very deep, with straight foss^. The species is

smaller than D. ri-paria, its color is much lighter generally,

being without pigment, and it possesses the sexual sperm-

athecal set£e which are lacking in D. rifaria. With those

species possessing three pairs of spermathecse D. Udei need

not be confounded.

Detailed Description.

Somites. —(figs. 145, 146.) The anterior somites in-

crease in size towards the clitellum, with the exception of

somites VIII, IX and X, which are much larger than the

other somites. These somites also contain the genital setae

described elsewhere. Those somites anterior to VIII are

all distinctly 3-ringed. Somites VIII, IX, X are perfectly

(7) December 21, 1899.
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smooth; somites XI-XVI are 3- or 4-ringed. The clitellar

somites are smooth, while those posterior to the clitellum

are distinctly 5-ringed. The prostomium divides somite I

by fully two-thirds. The clitellar somites are not very

prominent and evidently not fully developed. Sections

show that the clitellar glands are thin, extending dorsally

from XIIl-)^ XVIII, while ventrally they could be traced

to XXI. This posterior extension of the ventral part of the

clitellum is due to the high glandular ridge surrounding the

genital zone (fig. 146).

Genital Zo7ie. —(figs. 145, 146.) This zone consists of

a deeply sunk rectangular field in XVIII-XX, surrounded

by a very high and swollen ridge of oval form, extending

across the largest part of the ventral surface in somites

XVII-XXI, where it connects with a low, median, ventral

ridge of the body-wall. There are generally no papillae,

but in one specimen there was a trace of a pair of papillae in

XVII. The prostate pores are strongly elevated. The
fossae connecting them are straight, and not curved as in

some other specimens. There are three pairs of small,

rather pellucid fields in XVIII, XIX and XX, which I take

to be tubercula pubertatis. Longitudinal sections show an

arrangement of glands in these places similar to those found

in tubercula pubertatis generally.

SetcB. —The distances between the setae are not promi-

nently characteristic. Distance a—a is about three times

that of a-h. The ventral interval or a—a is only slightly

larger than the lateral interval or h-c. The latter, b-c, is

about four times as wide as a-b. The distance between

setae c-d is not quite twice that between a-b. The dorsal

interval or d-d is greater than half the periphery of the

equatorial.

In somites VIII, IX and X the ventral interval, a-a, is

only about once and a half that of a-b, instead of being

three times as great as in the other somites. This is due to

the setoC ab being slightly more ventral in these three

somites.
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Sfermathecal Sexual Set(s. —(figs. 50, 51.) Michaelsen

was the first to discover the sexual spermathecal setae in

Dtplocardia. These setae have been found in D. Eiseni^

D. Udei, and D. Michaelseni. In the former species they

occur in two somites, VIII and IX, while in D. Udei they

are found in three somites, VIII, IX and X. It is interesting

to note that in the latter species somite X, which does not

contain any spermathec^, still possesses these sexual setae.

It is only set£e ah which are replaced by sexual setae. The
form of these is similar to curved penial setae: they are

much longer than ordinary set« and quite slender (fig.

150). The apex is strongly and beautifully sculptured, as

shown in figs. 151, A and B, Under a low power the sculp-

ture appears like bristles, but under a good apochromat we
see that what appears to be bristles are but short curved ridges,

each one enclosing a flat oval field with a granular sculpture.

There is no difference between these setae in IX and X.

Each one of the setae protrudes through a pore surrounded

by a pale elevated ring or circular ridge and the. body- wall

surrounding the two setae is elevated, appearing as if

strongly glandular. This causes the ventral side of somites

VIII, IX and X to appear much swollen and also wider than

the other surrounding somites.

Glands of the Sexual Setce. —(fig. 154.) The external

elevation of the body-wall around the spermathecal setse is

connected with an interior differentiation of structure.

Michaelsen has described somewhat similar structures in

D. Eiseni, but judging from Michaelsen's description they

differ considerably from those found in D. Udei. Unfor-

tunately Michaelsen does not give any figures, so that a

minute comparison is not possible. He described them as

structures without distinct cell-walls, but with numerous

nuclei. I suspect that this absence of cell-walls may be

due to degeneration.

In Diplocardia Udei I find that an extra layer of glandular

cells has made its appearance between the muscular layer

and the epithelium (fig. 154). Some of these cells protrude

between the muscular fibres, but the majority are pushed in
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between the epithelial cells. These glandular cells bear a

strong resemblance to the tubercula pubertatis cells described

from Dichogaster Crawi, but they have the peculiarity of

opening into a chamber surrounding the apex of the seta.

This chamber opens to the exterior through the setal

external pore, which, as before stated, is surrounded by a

slightly elevated ring. Thus the glandular cells extend

from the various ventral parts of the somite, their ducts

leading to this pore. The distal ends of the cells are all

bent upwards or downwards, but the long narrow ducts run

parallel and close together until they reach the pore. The
secretion in these cells stains but faintly, and in this respect

resembles that of the tubercula pubertatis. Figure 154

represents a longitudinal section of this glandular zone.

The seta comes in from above, but has been cut off

obliquely. The chamber into which the glands open is

furnished with side pockets into which some of the glandular

cells open. The walls of all the cells are very distinct.

The coelomic epithelium in somites VIII, IX and X is

granular and resembles chloragogen cells. The cell-con-

tents consists of small and numerous round, dark-staining

granules. The cells themselves are of different sizes,

protruding more or less freely and independently into the

coelomic cavity, while their thin ends lose themselves

among the muscular layers.

Another interesting feature of this glandular structure

is a double row of cells as in a prostate. The long

glandular cells may readily be compared to and are perhaps

homologous with the long glandular cells of a common
prostate, while the narrow cells lining the chamber into

which the former cells open are similar to the inner layer of

cells of the prostate. If the whole structure had been free

in the ccelom instead of being enclosed by the layers of the

body-wall, its similarity to a prostate would have been

almost complete. This fact gives great probability to the

opinion of Michaelsen, that the prostates are differentiated

cell-structures originally connected with setae.

J



ZooL.—Vol. II.] EISEN—OLIGOCHALTA. 187

Penial SetcB. —(figs. 152, 153.) These setae are present

and not rudimentary; they are very minute, curved, and of

unequal length. The longer seta is very slender, several

times longer than ordinary setae. The shorter seta is

thicker and undoubtedly not yet developed. The apex of

the longer seta is hooked and sculptured. The sculpture is

different from that of the spermathecal setae and less

elaborate. There are rows of spine-like elevations combined

with depressions difficult to describe.

Septal and Pharyngeal Glands. —Besides the usual mass

of suprapharyngeal glands there is also a row of subpharyn-

geal glands of small size, on the ventral side of the pharynx,

opening into its posterior part. There are very small septal

glands in VII, VIII and IX, attached to muscular strands

coming forwards. The longitudinal diameter of these glands

is no greater than the diameter of the dorsal vessel, and in

longitudinal sections they appear to be of the same size as

the isolated subpharyngeal glands.

Intestine. —The oesophagus is very narrow and tubular;

it curves upwards from the pharynx. The tubular intestine

runs straight on from the gizzards to the sacculated intestine

and is thickly surrounded by chloragogen cells. It is only

slightly nipped by the septa. The sacculated intestine com-

mences in XVII. .

SpermatheccB. —(figs. 147, 148.) The two pairs of

spermathecas occur in VIII and IX. In the specimen dis-

sected, as well as in the one sectioned, the anterior sperm-

athecas are much longer and narrower than the posterior

ones. I have observed this to be the case also in D. singu-

laris subsp. caroliniana, and it may possibly be character-

istic. The diverticle is hardly, if at all, perceivable from

the exterior. In one spermatheca no exterior diverticle

could be detected, in the other there is only the slightest

swelling. In sections the spermathecal diverticle is distinct

enough, forming a cavity in the spermathecal wall. It is

divided into several chambers by trabecules. Figures 147
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and 148 represent one of the anterior and one of the posterior

spermathecae from the same specimen. The figures were

drawn from three sections. There is a muscular duct not

perceived from the exterior, being hidden by the other

spermathecal tissue.

Sperm-sacs. —There are two pairs of sperm-sacs, both

strongly racemose, resembling those of Diplocardia carolin-

iana. The pair in IX is preseptal, that in XII postseptal.

Prostates. —(fig. 149.) The four prostates are very

compact and when dissected appear as square irregular

masses. One of the prostates possesses a thin distal end

doubled on the main body of the prostate. The muscular

duct is narrow, slender, and coiled. The prostates do not

project dorsally and are confined respectively to one and

two somites. The penial setse opening with the prostates

are not half as long as the muscular part of the prostate.

The structure of the glandular part of the prostate is

interesting as it shows a reduction of the inner epithelium.

The lumen is very narrow, narrower than the lumen of the

muscular part. It is numerously and irregularly branched,

the glandular cells opening into the branches as well as into

the main lumen. The whole prostate forms a single system

of glands, the secretions of which all flow into the common
narrow lumen. This lumen is lined, not by the regular

columnar epithelial cells, but by a thin nucleated membrane,

with here and there a few very small, distinct cells. The
prostate is in reality racemose, appearing tubular exteriorly.

See also the description of D. Michaelseni.

Nephridia. —The nephropores are in line with setge d.

In form the nephridia closely resemble those of A. Keyesi

which have been figured elsewhere (Eisen 18). The wind-

ings and the spur are more folded and twisted. There is no

ccelomic mantle.

Vascular System. —So far as can be judged from longi-

tudinal sections the dorsal vessel is single. There is a

peculiarity in the intestinal blood-sinus of some of the sexual
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somites. The blood-sinus suddenly leaves the intestine on

the dorsal side and assumes the form of an independent

blood-vessel, running close to the intestine, and parallel

with the dorsal vessel. This supraintestinal vessel exists

only in somites XI and XII. It begins near the posterior

fourth of XII and extends forwards to the septum separating

X/XI. In the posterior of these two somites the supra-

intestinal vessel lies entirely free above the intestine except

where it is nipped by the septa. In somite XI it is super-

posed on the intestine and merely connected by mesenteric

tissues with the dorsal vessel in those somites. It is not

covered by chloragogen cells; these, however, cover the

dorsal vessel, the hearts, and the intestine. The hearts are

not much dilated, but appear as tubular vessels of even

thickness, without valves. The lateral vessels posterior to

the clitellum are covered thickly with chloragogen cells.

As in A. Keyesi, each lateral vessel possesses a small

diverticle, situated in the centre of the vessel. The present

species is more pronounced than in A. Keyesi, being nar-

rower and often twisted around the lateral from which it

starts. In A. Keyesi two such diverticles are found, but

they are smaller and more knob-like.

Diplocardia communis Garman.

Diplocardia communis Garman, Bull. 111. Lab. Nat. Hist., Vol. Ill, 188S,

p. 47-

Definition. —Color, flesh; clitellum dull yellow or flesh. Size, 300 mm.
Somites, 123-165. Prostomium divides I by one-half. Dorsal pores, most

anterior one X/XI. Spermiducal pores in XIX. Spermathecal pores, three

pairs in VII-IX, in line with a-b. Prostate pores in XVIII and XX. Ovi-

ducal pores close together in front of and interior to setse a-b. Setae, ventral,

a-a slightly larger than b-c, not ornamented; no setae a-b in XIX. Penial

setae in XVIII and XX, only slightly curved, smooth, one-third longer than

ordinary setae. Spermathecal setae not differentiated. Clitellum saddle-

shaped, in XIII-XVIII. Genital zone, copulatory papillae: one pair on

XVII, one pair on XX. Copulatory grooves on XVIII-XX, curved towards

the ventral median line. With or without a depressed zone. CEsopha-

gus, no calciferous folds. Gizzards in V and VI. Sacculated intestine

commences in XVII, a low typhlosole from XXIII-XL. Dorsal vessel

alternately double and single from VII backwards. Hearts in X-XII.
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Meganephridia, most anterior one in III. Testes in X and XI. Sperm-fun-

nels in X and XI. Sperm-ducts run on top of muscular layer, between it and

the coelomic epithelium. They join only at the pore. Sperm-sacs in IX
preseptal, in XII postseptal. Prostates long, slender, tubular, abruptly bent

at the pore, sometimes extending over more than one somite. Spermathecae,

three pairs in VII-IX, club-like, with an ear-shaped diverticle below the

center.

Septal formula (approximately correct) :

—

VI/VII, VII/VIII, VIII/IX, IX/X, X/XI.

Habitat. —Champaign, Illinois. Collected by Professor

Garman. Through the kindness of Professor Frank Smith,

I have in my possession four specimens collected by Pro-

fessor Garman, and three specimens collected by Professor

Smith himself. The former differ from the latter in the

character of the genital zone. It is well worth the while to

examine a large number of specimens in order to ascertain

if there are not two distinct species now joined under the

name of D. communis.

Genital Zone. —Specimens collected by Professor Gar-

man: No. I. No signs of a depressed genital area. There

is one pair of comparatively large papillae in the posterior

part of XVII, just clearing the groove of XVII/XVIII, with

their bases slightly encroaching on XVIII. Besides this

pair there are three pairs of smaller papillae in the posterior

parts of XX, XXI and XXII, similarly very slightly pro-

jecting across the intersegmental grooves posteriorly. No. 2.

One pair of papilla in XVII, and one pair in XX, situ-

ated as in No. i. No. 3, similar to No. 2. In all these

specimens the papillae of the anterior pair are the largest.

In each one of the specimens collected by Professor

Smith there is a depressed genital zone not existing in

Garman's specimens. This zone is oblong and almost

rectangular. It is surrounded by an elevated ridge similar

in shape to that found in D. Udei, but it is not so high.

This ridge extends from Y^ XVII-i^ XXI, while the

depressed zone extends from XVIII-^ XXI. Inside the

ridge there is in specimen No. i a pair of papillae in the

posterior part of each of somites XVII and XX and one pair
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in XXI. No. 2, One pair of papillae in XVII, one pair in

XX similarly situated. Besides there is one pair of papillae

in the posterior part of XIV, in line with the papillae of the

zone and of the same size or slightly larger. These two

papillae are situated on an elevated zone, or, in other words,

are surrounded by an elevated ridge which is closed in

front but open behind; it extends to the center of XV.
No. 3 is similar to No. 2 but has no papillae in XIV. In

the three specimens the papillce in XVII are larger than

the posterior papillee.

The depressed zone is not of uniform depth in the three

somites, being much deeper at the anterior and posterior

ends. In the part occupied by somite XIX the zone is

hardly deeper than the main part of the somite, while in

XVIII and XX-^ XXI the zone is deeper at the end and

appears like two separate cavities, separated by a central bar

in XIX. There are tubercula pubertatis swellings in XIV
to XVII, but with no decided external characteristics.

Diplocardia singularis Ude.

Geodrilus singularis Ude, Zeit. f. wiss. Zool. Bd. LVII, 1894, p. 69.

Definition. —Color dark brown. Size 65 mm. by 3 mm. Prostomium
divides somite I about one-half. Dorsal pores, most anterior one VII/VIII.

Spermiducal pores in XIX. Spermathecal pores, three pairs in VI/VII,

VII/VIII, VIII/IX. Prostate pores in XVIII and XX. Oviducal pore in

XIV, interior to setae a, surrounded by a glandular ridge. Setae, ventral,

lateral; d-d greater than half the periphery; a-a larger than b-c\ c-d some-
what larger than a-b; a-b about one-half as large as b-c\ I. i. shorter than v. i.

;

a-b half as long as /. i., and three times shorter than v. i. ; faintly ornamented at

apex. No setae a-b in XIX. Penial setae three times as long as the ordinary

setae, curved, not ornamented. Spermathecal setae not differentiated. Clitel-

lum, ring-like, XIII->^ XVII, saddle-shaped, y^ XVII-XVIII. Genital zone,

no rectangular field, two lunate grooves on V^ XVIII->^ XX, convexity to-

wards ventral median line. One pair papillae in XVII. One pair in XX.
Sometimes with a deep oval zone in XVI I->^ XXI (Smith's specimens).

CEsophagus strongly twisted, bead-like in X-XIII, narrower in XIV-XVI, no
calciferous folds. Gizzards in V and VI. Sacculated intestine commences in

XVII. Dorsal vessel single. Hearts, three pairs in X-XI I; in VI-IX narrow
vessels. Meganephridia, first pair, in II, small; pores ventral to setae d.

Testes in X and XI. Sperm-funnels in X and XI. Sperm-sacs, one pair in
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IX preseptal, one pair in XII postseptal. Prostates with many folds at

right angles. Spermathecae, three pairs in VII-IX, sac-like, gradually nar-

rowing duct, oblong diverticle.

Habitat. —Havana, Illinois. Four specimens (size 90x2

mm.) from this locality, kindly sent me by Professor Frank

Smith of Champaign, Illinois. Three of the specimens are

adult.

No attempt was made to section and dissect the speci-

mens. They were labeled by Professor Frank Smith and

determined by him. They are much longer than Ude's

specimens and also narrower. In the table of species I

have retained the description given by Ude, as future

investigation of the Havana specimens may reveal

differences.

Genital Zone. —The genital zone agrees in a general way
with the figure given by Ude, but differs in one point. There

is a very marked depressed area of oval shape occupying

the ventral side of somites XVIII to ^ XXI, just posterior

to the clitellum. When the worm is viewed from the

ventral side this area is seen to occupy about one-half the

width of the somite; that is, there is left on either side of

the depression about one-quarter of the width of the somite.

There is a very slight ridge bordering the depression, which

is well defined and sufficiently deep to appear quite dark.

There are two pairs of papillae, one pair in XX/XXI, the

other in the groove separating XVII/XVIII.

Anterior Somites. —The prostomium divides somite I

about three-fourths. Somites I and II are about one-half

as wide —in direction of head to tail —as somite IV. Somite

III two-thirds as long as IV. These anterior three

somites are thus distinctly shorter than the following ones.

The anterior nine somites are more or less corrugated;

the others are smooth. The clitellum occupies dorsally

%XIU-}4 XVIII, ventrally y^ XIII-S^ XVII. In XVII
the clitellum leaves a ventral space occupied by the anterior

pair of the papillae. One specimen does not possess any

papillae.
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Diplocardia singularis Ude, subsp. caroliniana Eisen.

Plate XIII, Figs. 137-142.

Diplocardia singularis Ude, subsp. caroliniana Eisen, Zool. Bull. Vol. II,

No. 4, 1899.

Definition. —Color flesh, without pigmentation. Size, 40-50 mm. by 1.5

mm. Somites, 64, 9S-136. The prostomium divides somite I about one-half.

Dorsal pores, most anterior on the front part of IX. Spermiducal pores in

XIX. Spermathecal pores in VII-IX. Prostate pores in XVIII and XX.
Oviducal pores in XIV, on a small glandular area. Setae as in the species,

but a-b is about twice as long as a-a ; a-b is less than one-half as wide as b-c,

all faintly sculptured. No setse a-b in XIX. Penial sets curved, pointed,

and ornamented. Spermathecal setae not differentiated. Clitellum ring-like,

except in anterior part of XVIII, where it is saddle-shaped, XIII->^ XVIII.

Genital zone not much differentiated. Two curved grooves, with the con-

vexity turned to the ventral median line. In XVII two large circular areas, like

depressed papillae. In XXI two similar areas. In XXII one median oblong

area. CEsophagus without calciferous folds. Gizzardsin Vand VI. Sacculated

intestine commences in XVII. Dorsal vessel single, with chloragogen cells.

Hearts, muscular vessels in X-XII, with chloragogen cells. Meganephridia.

Testes in XXI. Sperm-funnels in X and XI, compact. Sperm-sacs, one pair

in IX preseptal, one pair in XII postseptal. Oviducts, very large protruding

funnels in XIII. Prostates large, tubular, almost straight, one-third as wide

as the body-cavity. Spermathecae, three pairs in VII-IX; the anterior pair

the smallest; the two posterior pairs the largest. Each of the latter extends

through two somites backwards. The diverticle is longitudinally oblong,

with a distinct stalk or duct, and divided into several chambers by trabecula.

Septal formula:

—

VII/VIII, VIII/IX, IX/X, X/XI.

Habitat. —Raleigh, North Carolina, U. S. A. Found

under logs and in rotten wood in swamps in the vicinity of

the city. Fifty odd specimens were received alive during

the first half of January, 1897, from Messrs. Brimley.

In the location and number of the various organs this

form does not apparently differ from Diplocardia singu-

laris Ude, but the size and shape of the spermathecse and

prostates, and the form and ornamentation of the penial

set£e are so at variance with the description and figures of

D. singularis given by Ude that it seems advisable to class-

ify the specimens from Raleigh, North Carolina, under a

separate subspecies. To the differences referred to above

we may also add absence or scarcity of papillae on the cli-

tellum, four of which occur in D. singularis.
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The following description will be confined to the points

of difference between the species and subspecies. A closer

comparison can only be made through a study of type

specimens of the species.

External Characters.

Color. —The whole worm is semi-transparent, of a delicate

flesh-color, with blood-vessels appearing through the skin.

The spermathecse and prostates appear as white masses

through the skin.

Somites. —The somites are all faintly three-ringed. The
clitellar somites XIII-^ XVIII are much more distinct and

wider than the somites posterior to them. According to the

figure given by Ude the clitellar somites of D. singularis

are of about the same width as the somites posterior to them.

The clitellum ends posteriorly and dorsally with the centre

of XVIII, but ventrally with the posterior margin of XVII.

In D. singularis the clitellum appears to extend to the

posterior part of XVIII, while ventrally it does not cover

the whole of XVII.

The prostomium (fig. 137) divides somite I by almost

two-thirds. It is bounded posteriorly by a deep transverse

groove which extends across the whole somite in the direc-

tion of the short diameter of the body.

The dorsal -pores begin in IX. The pores increase

gradually in size posteriorly, those immediately in front of

the clitellum are larger. The pores in the clitellar somites

are also distinct. The most anterior pore is situated on the

anterior part of IX. In several somites anterior to the first

dorsal pore there are deep depressions which appear, when
viewed from the surface, as narrow pores. Longitudinal

sections show that these depressions do not penetrate the

body-wall. Undoubtedly such depressions have sometimes

been mistaken for true pores.

Genital Zone. —(fig. 137B.) There are two slightly

curved grooves with the convexity towards the median line.

They are slightly wavy and surrounded by a slight
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swelling. Of these swellings those surrounding the prostate

pores and penial setae are the largest and sometimes appear

as elevated papillae. There are no real elevated papillae in

the surrounding somites in any of the specimens; in their

place are small, round fields, semitransparent and undoubt-

edly of a nature similar to the papillae. Of these fields

there are two very closely joining in XVII, posterior to the

setae and occupying the continuation of the ventral interval

a-a. Two similar areas are in XXI, while in XXII there is

a more oblong area, median in position, covering the whole

ventral interval a-a posterior to the setae. Only the speci-

mens most fully developed possess these flat papillae.

Set(B. —The common setae are like those of D. singularis,

but the ventral interval a-b is less than half that of the

lateral interval b-c. According to Ude, in D. singularis

a-b is equal to one-half of b-c. The setae are all sculptured,

but the sculpturing is more in the shape of notches than

that represented inUde's figure 11. The shape of the setae

is also different, the posterior part being much heavier in

D. caroliniana.

The penial setae (figs. 139, 140) differ somewhat from

those of D. singularis. They are about three times as long

as the common setae. They are more pointed than those of

D. singularis as figured by Ude and the apex is more

twisted. The most important difference is found in the

sculpturing of the setae, which are not smooth as in D. sin-

gularis. The sculpture is represented in fig. 140. It does

not begin at the apex, but some distance below it. There

are from eleven to fourteen small distinct notches on either

side. The two setae in each bundle are practically alike.

Internal Characters.

SfermatheccB. —(figs. 141 A and B.) There are three pairs

of spermathecae as in D. singularis, situated in somites VII,

VIII and IX, with the pores in front of the setae. They

differ in shape from those of D. singularis, being much

longer and narrower, and with the exception of those in VII,

extending through two somites instead of being confined to
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one as in that species. This difference in size would, how-
ever, be of less importance were it not coupled with a

change in the form of the diverticle. Ude describes and
figures the diverticle of D. singularis as being transversely

oval with a short shaft. In the subspecies caroliniana the

diverticle is longitudinally oblong and the apex knob-like.

This was found to be constant in the three specimens

opened.

Septal and Pharyngeal Glands. —The pharyngeal glands

are also developed ventrally, though they are here much
smaller than on the dorsal side. Dorsally they are long

and in cross-sections present a row of about seven glandular

masses attached to as many muscular strands. On the under

side of the pharynx, just above the ventral nerve-cord,

there is a row of narrow and short glands, also attached to

muscular strands, one following the other, just as on the

dorsal side. These ventral glands open into the ventral

part of the pharynx near its posterior margin. There are

also small septal glands close to the oesophagus in somites

VII and VIII.

Prostates. —(fig. 142). The prostates are much larger

and of different form from those of D. singularis. Ude's

figure does not show the muscular duct, and his description

does not mention its relative size to the glandular part; but

the glandular part which he figures is certainly very much
narrower in proportion to its length than what we find in

the subspecies. In the former the glandular part is five or

six times the width of the duct. This glandular part was
the same shape and size in the three specimens examined

by me. In width it equals about one-third or more of the

body-cavity of the worm; it is scarcely folded, slightly

irregular and nipped, and extends through three or four

somites. The posterior prostates appear to be a trifle more
folded and extend backwards. Thus the prostates opening

in XVIII occupy XVI, XVII, XVIII and XIX, while those

opening in XX occupy XX and XXI and sometimes part of

XIX. Two figures are given of two prostates on one side

in the same specimen.
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Blood-vessels and Hearts. —The dorsal vessel is single.

There are three pairs of muscular vessels in somites X, XI
and XII, which probably serve as hearts. They are not

greatly extended, nor are they divided into pulsating cham-

bers separated by valves, as in D. Keyesi. The hearts are

covered by chloragogen cells. The dorsal vessel is simi-

larly covered. The blood-sinus in the dorsal part of the

intestine in X, XI and XII rises above the muscular layers

of the intestine and forms a kind of supraintestinal vessel.

In none of these somites is this vessel so free as in D. Udei,

being everywhere attached to the intestine, though elevated

above it. In D, Udei the part in XII is entirely separated,

while the one in XI is only superposed on the intestine.

Intestine. —There are no dilations of the oesophagus.

The sacculated intestine commences in XVII. There is a

typhlosole in XX-XIV.

Subgenus Naillenia, subgen. nov.

Diplocardia (Naillenia) Koebeli, sp. nov.

Plate XIV, Figs. 177, 178.

Definition. —Size 80-100 mm. by 2 mm. Somites about 100. Prostomium

divides somite I about one-half. Dorsal pores, VII/VIII. Spermiducal

pores in XVIII. Spermathecal pores in VIII and IX, both pairs postseptal.

Spermathecal sexual setae in IX. Penial setae large, curved in XVII and

XIX; sculptured, with spines. Exterior papillae, one pair on IX, one large

median papilla covering posterior part of X and anterior part of XI ; a large

median papilla on XIV and XV; a large median papilla between XIII and

XXIV. Sacculated intestine commences in XIV, thence to XXIII it possesses

an interior thick and greatly folded epithelium. Spermathecee large, with a very

large and thick diverticle directed forwards. Prostates thick and long, each

occupying at least two somites, opening into XVII and XIX.
Septal formula:

—

V/VI, VI/VII, VII/VIII, VIII/IX, IX/X, X/XI, XI/XII, XII/XIII.

Habitat. —About a dozen specimens, of which five were

adult, taken by Professor Albert Koebele at Morelos,

Mexico, at an altitude of 6,000 to 7,000 feet, in the region

of the pines, September, 1897. Though otherwise fully

developed sexually, none of the specimens possess a

clitellum.
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The subgenus is named for Professor A. Van der Naillen

of San Francisco. This very interesting form differs from

all other members of the genus in the position of the sperm-

iducal pores, in XVIII, showing the extent of the variation

of these pores in the same genus. It stands at one end of

the series, while Dirplocardia Keyesi stands at the other,

giving an extreme variation of four somites in which are

located the male pores. D. Koehelei differs from all other

species of Di^locardia in not possessing racemose, pre-

septal sperm-sacs in IX, a character which seems to join

it more closely to the Benhamia group, and perhaps to

Trtgaster.

Detailed Description.

Somites. —Somite I is dorsally as wide as somite III, veh-

trally as wide as somite II. Somites II and III are narrower

than those following, which slightly increase in size pos-

teriorly, at least as far as X or XII.

Clitellum. —The clitellum is not developed in any of the

specimens, and it is possible that it is altogether absent. The
large papillae surrounding the prostate pores may serve as a

substitute for a clitellum. These papillae show the same

structure as that described in the tubercula pubertatis of Pon-

toscolex, except that the glandular cells are much larger and

extend not only into the muscular layers, but far beyond

them into the coelomic cavity of the body. These glandular

masses form a continuous stratum on the ventral side of

somites XVII, XVIII and XIX, but are especially developed

back of the prostate pores, where they extend to the centre

of the coelomic cavity, touching the sides of the intestine.

These glands do not open into any special pore, as is the

case in some other species where, for instance, they open

into the papillae of the spermathecae. They open on the

surface in exactly the same manner as the large glandular

cells of the clitellum. The glands do not occur singly, but

in bunches. I am inclined to regard them as modified

clitellar cells.
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The genital zone in somites XVII-XIX is square, the

grooves being straight and parallel, bounded by ridges

connecting the papillae around the prostate pores.

PapillcB. —The papillae surrounding the spermathecal

pores, as well as the single median papillae on X/XI and

XIV/XV, show a structure similar to that of the sperma-

thecal papillae figured for D. Udei, except that the cells are

much narrower, though fully as long. In the papillae on

XIV/XV these long horizontal cells open into two pores

situated in line with the ventral couples of setee, in the inter-

segmental groove between these two somites.

SetcB. —Th.e. penzal setce, opening at the prostate pores,

are very long and much curved, like a sickle with a reflexed,

sharply pointed apex. Along the whole length the seta is

ornamented with some twenty or more rows of short scale-

like spines, hardly projecting from the main body, except

at the recurved part of the apex, where the spines are a

little longer. One specimen has curved penial setae in

somite XVIII. They are much smaller than those in the

prostate papillae, but much larger than the ordinary setae.

The specimen sectioned did not have these setae, and I

suppose their presence is abnormal.

S-per7nathecal setce are present in the two papillae in somite

IX. There are two set£e in each papilla, pointing forwards
;

they are about twice as long as the common setse, almost

straight, with the apex slightly spatulate, and appear to be

somewhat ornamented, in the same manner as the penial

set£e. A description of the exact structure cannot be given,

as it was desired not to mutilate the specimen.

The common setce are sigmoid as usual. Their position

posterior to the clitellum may be expressed as follows: —
d-c=\^; c-d=^8$; d-a=2o; a-a^8^; a-b^io; 3-c=:85;

d-c=20; c-d=8o; 3-«=i5; a-a=go; a-b=i^; b-c=So;
c—d=20.

d-c=20; c-<5=85; b-a^20', a-a=go; a-b=20; b-c=8^;
c-d^= 20.

m
(8) December 22, 1899.
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The above shows a slight variation, partly actual and partly

due, perhaps, to unequal stretching of the body-wall.

Anterior to the male pores the distance between setse c

and d is somewhat greater. The arrangement may be given

as follows:^

d-c^20\ c-3 = 55; b—a^i2; a—a=/\^; a—b=i2; 3-c=55;

c—d=20.

As regards the size of the set£e, it is interesting to note that

while those posterior to the male pores are all of about the

same size, those between the male pores and the front part

of the body vary in such a way that the ventral set£e are

about twice as large as the lateral. The apices of these

setag are slightly ornamented with five to six rows of shallow

notches, resembling the undeveloped eyes of a potato.

Gizzards. —The two gizzards are well developed and

situated in somites V and VI.

Intestine. —The tubular intestine offers nothing character-

istic. It is straight and only slightly nipped by the septa.

The sacculated intestine commences in XIV. It is of char-

acteristic structure. The outer wall of this part of the

intestine in somites XIV to XXI is straight, but the inner

layer comprising the villi is much folded, being besides

very thick. This inner epithelial layer is thicker and more

folded than any other epithelial layer of the intestine, and

is probably of the nature of a typhlosole. In somite XX
the sacculated intestine assumes the usual shape, with thin

walls not folded.

Generative Organs. —The testes are in somites X and XL
There are two pairs of large racemose sperm-sacs project-

ing from the anterior septum, in somites XI and XII. The
sperm-funnels are in X and XI. The ovaries in XIII. The
ovipores are separated. The spermathecae are very large,

each being furnished with a large forward pointing diver-

ticle, originating near the base of the main sac, the junction

of the two being very wide and the diverticle within a neck.

The spermatozoa are collected in small pockets in the wall

of the sac, in the same way as in Argilophilus, the pockets

being somewhat smaller than in that genus (Eisen 16).
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The spermathecal pores are found on the anterior face of

the somite, about half-way between the setae and the bottom

of the intersegmental grooves. The glandular prostate

contains two layers of cells.

Septa. —The septa do not strictly correspond to the inter-

segmental grooves, but start out almost from the centre of

the somites.

The septal glands are very diminutive in somites IV to

VII and in X, They are attached to the blood vessels.

The suprapharyngeal glands are of medium size.

The brain is situated in somite II.

The tubular intestine and the anterior segments of the

sacculated intestine are furnished with chloragogen cells.

Similar cells also surround the dorsal vessel. Sections

show that the most anterior dorsal pore is between somites

VII and VIII.

The nephridia commence in somite IV. Their structure

has not been studied, but it appears to be similar to that of

the nephridia of the other species, that is meganephridia,

resembling those of Diplocardia Keyesi.

The dorsal vessel is double. In XI and XII it is narrow

and tubular; in XIII to XVI it is much wider.

Color. —As far as could be judged from specimens pre-

served in formalin, the color is pale flesh without any trace

of pigment.

The species is named for Mr. Albert Koebele, Horticul-

tural Entomologist of the Hawaiian Government, to whom
I am greatly indebted for a number of most interesting spe-

cies which he collected in Mexico.

Trigaster Benham.

Definition. —Setae paired, eight in each somite. Clitellum long or short.

Gizzards two or three. Nephridia plectonephric. Spermathecse two pairs,

in VIII and IX, with or without diverticle. No diverticles of the intestine.

Prostates two pairs, open in the somites anterior and posterior to the male

pores, which are in XVIII. Penial setse present or absent. Sperm-ducts

are completely hidden in the muscular layer of the body-wall.
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General Remarks on Affinity.

It is not without some hesitation that I have modified the

generic definition of this genus as given by Benham, in

order to be able to arrange in it the new species to be

described hereafter. On the other hand, if a new generic

name is to be made for our new species, its characterization

would rest mainly on negative characteristics, viz., the pos-

session of two gizzards instead of three, and on the lesser

extent of the clitellum. For the present, it seems prefer-

able to refer the new species to the old genus Trigaster

,

and to modify the definition of the genus rather than to

create an uncertain one. The hidden nature of the sperm-

ducts is probably characteristic of all the species.

The question will undoubtedly arise as to why this genus

has been made to include a species with only two gizzards,

when the genus was founded upon a species characterized

by three gizzards. The answer is found in the fact that

T. tolteca more closely resembles Benham's (3 and 13)

species T. Lankesteri than any other species or genus

known. It possesses all the important features of Benham's

species, the only great difference being in the number of

gizzards. Perhaps the most important character of Tri-

gaster will be found in the hidden course of the sperm-

ducts. While this is not demonstrated in T. Lankesteri, it

is more than probable that it will be found to be the case

even in this species. Benham did not find the sperm-ducts

and the probable reason for this is that they are hidden

in the body-wall.

If the want of a gizzard should exclude T. tolteca from

the genus Trigaster , then a new genus must be created.

The species cannot be united with Benhamia, differing, as

it does, in too many important points. It possesses plecto-

nephridia instead of micronephridia; it has no diverticles

of the intestine; and finally, its sperm-ducts are hidden in

the body-wall. Za-potecia ameca-meccB resembles Benham's

original Trigaster species in most particulars, but differs in

having meganephridia instead of plectonephridia.
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The hidden nature of the sperm-ducts is characteristic of

both species of Trigastcr. This character is also found in

two species of Diplocardia but to a lesser degree, the ducts

being merely covered by the peritoneum or by a strand or

two of muscles. In the absence of diverticles of the intes-

tine Trigaster resembles the other genera of this family.

This character seems to me to be of the greatest importance

and I consider it to be the distinguishing feature between

Diplocardinae and Benhamin£e.

The two species of Trigaster may be distinguished as

follows :
—

Trigaster tolteca, two gizzards, in V and VI.

Trigaster Lankesteri, three gizzards, in VII, VIII and IX.

Trigaster tolteca, sp. nov.

Plate XIV, Fig. 179.

Definition. —Length over 120 mm., width below clitellum 5 mm., at the

tail 9 mm. Somites 190. Setae in couples, the ventral ones closer than the

dorsal. Penial setae at the prostates curved and smooth. Prostomium barely

indentates somite I. Dorsal pores posterior to clitellum. Clitellum in

XIII-XIX. Genital zone almost square, sunk, with two parallel fossae. A
small median papilla on XX. Two gizzards in V and VI. No diverticles of

the intestine. Very small septal glands extending to somite IX. Small sub-

pharyngeal glands present. Racemose sperm-sacs in XII growing out from
the dorsal vessel. Spermathecse without diverticles, in VIII and IX; the

pores in the intersegmental grooves VII/VIII, VIII/IX, postseptal. Testes

and sperm-funnels in X and XL Ovaries in XIII. Sperm-ducts hidden in

the longitudinal muscular layer of the body-wall, fusing at the pores in XVIII.
Prostates tubular, in XVII and XIX. Nephridia consist of many isolated

tufts, commencing in III. Dorsal vessel double in X, XI, XII (?). Hearts

very muscular, the last one in XIII. Color pale; no pigment.

Septal formula:

—

V/VI, VI/VII, VII/VIII, VIII/IX, IX/X, X/XI, XI/XII, XII/XIII,

XIII/XIV.

Habitat. —Toluca, Mexico, in the pine-region at an alti-

tude of 8,000. Collected by Professor Albert Koebele.

Of the single specimen one-half of the anterior end was
sectioned lengthwise, the other half crosswise. The part

sectioned longitudinally exhibits the following anomaly:
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The anterior prostate, in XVII, is double, as regards both

the glandular and the muscular part. A single large pros-

tate opens with the sperm-ducts in the equator of somite

XVIII. With this prostate opens also a pair of penial setae

exactly similar to those in XVII and XIX. The other side

of the worm does not exhibit these peculiarities.

Detailed Description.

Owing to the indifferent state of preservation of the single

specimen, but few details can be given. The spermathecae

are very large and have the form of elongated sacs without

diverticles. The upper end of the sac is somewhat wider

than the lower half near the pore. The walls are very

thick. The upper, larger chamber is lined by very long

columnar epithelium. The lower part exhibits a very

peculiar structure. The lumen is narrow and the walls are

enormously thick. These walls are made up of large,

globular, glandular cells of various sizes. The cells are

separated into groups by trabecula, thus having the appear-

ance of closely packed composite glands. Around this

glandular part of the prostate is seen the usual muscular

layer. The epithelial cells of the upper chamber are

arranged in groups like villi and are fully as large as the

epithelial cells of the intestine. The pores of the sperma-

thecae are postseptal, though opening into the angle of the

intersegmental grooves.

There is a pair of racemose sperm-sacs in XII, but instead

of projecting from the septum they are seen to grow around

the hearts in that somite, the connection with the septum

probably having been separated.

The glandular part of the f restate is by far the longest,

extending to the dorsal part of the somite. The muscular

duct is very short and narrow, extending only a little way
above the body-wall. Outwardly the glandular part is

entire, but sections show it to be composed of numerous

separate though closely packed lobes of glandular cells. In

the part nearest the lower lumen two distinct layers of cells

can be distinguished, but in the upper part there is only one.

I
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In the specimen sectioned, the sperm-ducts on one side

of the body fuse together just in front of the pore. On the

other side they open through two distinct pores. The
sperm-ducts after leaving the funnels dip directly into the

body-wall. The testes and ovaries are attached rather high

up, or in line with the sperm-funnels.

There is no typhlosole. The sacculated intestine seems

to begin in XIII. The nephridia consist of minute tufts of

tubules irregularly scattered over the body-wall and espec-

ially numerous near the septa. Neither nephrostomes nor

nephropores could be found.

SetcB. —The penial setse are narrower than the ordinary

setae, slightly curved at the apex, and smooth. The ordi-

nary setse are all ventral and not ornamented. They show

the following arrangement according to measurement with

the micromillimeter : d-c —T^o; c-b^/\o; 3-0=13; ^~^=35-

The distance between the ventral set£e is thus considerably

less than that between the lateral setee.

The body-wall is very thick, the arrangement of the

muscular layers being like that in Notiodrilus.

Zapotecia, gen. no v.

Definition. —Setae paired, eight in each somite. Clitellum short. Gizzards

three, in V, VI and VII. Meganephridia. Spermathecae, two pairs in VIII

and IX, with imperfect diverticle. No calciferous diverticles of the intestine.

Prostates, two pairs, open on somites anterior and posterior to the male pores,

which are in XVIII. Penial setae present. Sperm-ducts hidden in the

muscles of the body-wall.

Affinity. —The genus differs from Trigaster in the pos-

session of meganephridia instead of plectonephridia. From
Dij^locai'dia it differs in having three gizzards instead of

two.

Zapotecia ameca-mecaB, sp. nov.

Plate XIV, Fig. 180.

Definition. —Length, 120 mm., width 8 mm. (specimen contracted).

Somites 200. Prostomium divides somite I about one-half. First dorsal

pore XV/XVI ; first large pore XX/XXI. Clitellum saddle-shaped, in XIII-

XIX. Setae all ventral, paired, but not closely so. Penial setae present at the
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prostates, curved and smooth. Genital zone large, square, not deeply sunk.

No papillae or ridges. Gizzards three, in V, VI and VII. No calciferous

diverticles. Small subpharyngeal gland. Very small septal glands in VII-IX.

Large racemose sperm-sacs in XI and XII, both postseptal, projecting from

the septa. Spermathecae in VIII and IX opening into the intersegmental

grooves VII/VIII and VIII/IX, but considerably posterior to the septa.

Testes and sperm-funnels in X and XI. Ovaries in XIII. No ovisacs. Sperm-
ducts run entirely hidden in the body- wall, fusing at the pore, in XVIII.

Prostates in XVII and XIX. One pair of meganephridia in each somite.

Nephropores in line with setae b. Last heart in XII. Sacculated intestine

commences in XIII. Color pale flesh without any prominent pigment.

Septal formula :

—

iv/v, v/vT, vi/vii, VIII/IX, Tx/x, x/xT, xi/xii, xii/xiii.

Habitat. —Ameca-meca, Mexico. One adult specimen

collected by Professor Albert Koebele, in August, 1897, at

an altitude of 8,000 feet.

Affinity. —As far as can be judged from Professor Ben-

ham's description of his immature specimen of Trigaster

Lankesteri (Benham, 3), Z. ameca-meccB besides having

meganephridia instead of plectonephridia, differs in the

location of the three gizzards and of the spermathecal

pores. In Trigaster JLankesteri these pores are figured by

Benham as being in the posterior part of the somite, thus

making them preseptal, while in Za^oiecia ameca-mecce they

are postseptal.

Detailed Description.

SetcB. —The setse are paired, but not very closely. By
measurement with a micromillimeter ocular the intervals

were found to be as follows: —
^-c=35; c'-3=92; 3-«=35; «-a=ii5; «-3 = 30; ^-^=90;

The distance between setee ah and cd is almost the same.

The genial seice, of which there are two in each sac, are

much narrower than the ordinary setce. A good view of

the tips was not obtained, but they appear to be smooth and

slightly curved.

Somites. —The segments of the body increase in length

gradually towards the front end. The clitellar somites

are very narrow. The specimen being in a poor state of

I
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preservation the genital zone is less distinct than it would

have been in well preserved specimens. The zone is large

but not deep, and is bounded by the edges of the saddle-

shaped clitellum, which barely reaches the ventral side of

the body. The two longitudinal fossae could hardly be

distinguished.

Gizzards. —The gizzards are fully developed but shorter

than in Trigaster Lankesteri, as described by Benham. The
thick part is situated in the posterior part of the somites.

From the thick posterior part the gizzard tapers anteriorly

into a very thin wall.

The tubular intestine is much nipped by the septa. There

are no traces of any calciferous or other diverticles of the

intestine and there appears to be no typhlosole. The walls

are deeply plicated and strongly vascular.

Glands. —There is a row of narrow but rather long sub-

pharyngeal glands opening into the ventral part of the

pharynx. This row extends all along the ventral side to

the oesophagus. The septal glands are very small and

easily overlooked.

Nervous System. —The brain is in somite III. The
ventral nerve-cord is very large. Its muscular outer layer

is enormously developed, its diameter being thicker than

the inner cellular part.

Nefhridia. —There is a pair of perfect meganephridia in

each somite. The nephropores are in line with setse b.

Judging from sections the nephridia seem to resemble those

of JVotiodrilus.

SpermatheccB. —There are two pairs of large spermathecas

in VIII and IX, each possessing a large sac-like diverticle

of peculiar structure. This diverticle is directed forwards

and is situated in the same somite as the main sac. In one

spermatheca the diverticle is formed by the bulging out of

the whole anterior wall of the lower, narrower part of the.

spermatheca; in the other the diverticle is attached to the

narrow part of the spermatheca proper, at its junction with

the body-wall. The diverticle and the distal sac proper are
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of about the same size. The distal sac is of the usual

structure, with columnar epithelium. The narrow, lower

part of the spermatheca, as well as the diverticle, is of a

different structure, the walls consisting of a continuous row

of small pockets separated by long, narrow cells. In these

pockets are packed bundles of spermatozoa, the heads of

which are attached to the bottom wall of the pockets. At

the junction of the narrow and the sac-like parts of the

main diverticle are found a few cells of the same peculiar,

globular form as those found to be so numerous in Trigaster

tolteca. It is evident that the structure of the lower parts

of the spermatheca is similar in Trigaster Lankesteri and

Z . mneca-mecce , as Benham also describes the spermatozoa

as being attached to the lower part of the diverticle. The
pores of the spermathecse are situated half-way between

the setae and the anterior septum, but in the intersegmental

grooves. The septa are not connected with the grooves,

but are situated much farther forward.

The sperm-sacs are very large and extend all around the

intestine.

The testes and sperm-funnels offer nothing characteristic.

The sperm.-ducts are completely hidden in the longitudinal

layer of the body-wall, just as in T. tolteca. As Benham
did not find any sperm-ducts in T. Lankesteri, it is probable

that in that species also the sperm-ducts are hidden in the

body-wall.

The prostates are very thin and folded repeatedly. Their

glandular part is many times longer than the muscular duct

which appears to be unusually short. The prostates are

confined to one somite each, and are composed of two

distinct layers of cells.

BENHAMIN^.

Benhamia Michaelsen.

Of the species and varieties described under this genus

none equals in interest Benhamia viridis. This species

seems to be a native of Mexico and not an imported worm.
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It is found in the pine region at Toluca, at an altitude of

8,000 feet, and has every indication of being an indigenous

form. Its most interesting character is the abnormal posi-

tion of the sperm-ducts, which makes the species a con-

necting link between Benhamia and Dichogaster

.

Benhamia Bolavi Michaelsen, pacifica, var. nov.

Plate X, Figs. 68-73.

Definition. —Length 30 mm.; number of somites about 95. First dorsal

pore V/VI. Clitellum incomplete, in XIII-XX. Penial setae, the longer with

six sharp-pointed notches, the shorter spoon-like but with no prongs. Com-
mon setce couples equidistant. Oviducts open in a single pore on a median
papilla in line between setae a, in center of somite XIV. Gizzards in VIII.

Calciferous diverticles, three pairs, in XV, XVI, XVII; the two anterior pairs

connected as one. Sperm-sacs in XI and XII. Sperm-masses in X. Micro-

nephridia in three rows on either side. Spermatheca, basal part with small

stalked diverticle pointed forwards, apical part much narrower than the basal

part. Sacculated intestine begins in XIX. Color pink.

Habitat. —Honolulu,

ander Craw.

Hawaii. Presented by Mr. Alex-

Ajinity .—This form comes so very near B. Bolavi that

it seems best to refer to it only as a variety under that spe-

cies. There are a number of minor differences which

appear constant and which are of considerable interest. In

order to facilitate a comparison of the three forms of B.
Bolavi so far recognized, a table is given of the principal

differences noted.

Table of Benhamia Bolavi and Varieties.

Benhamia Bolavi.

Length.

40 to 60 mm.

Penial Setce.

The largest with 5 to 8

notches, the smaller

spoon-like, slightly

forked.

Gizzards.

Situated in VII.

Benhamia Bolavi,

var. pacifiea.

Length.

30 mm.

Penial Setce.

The largest with 6 spine-

like notches, the smaller

spoon-like, not forked.

Gizzards.

Distinctly in VIII.

Benhamia Bolavi,

var. palmieola.

Length.

50-60 mm.

Penial Setce.

The largest with 4 blunt

notches, the smaller
spoon-like.

Gizzards.

Distinctly in VIII.



2IO CALIFORNIA ACADEMYOF SCIENCES. [Proc. 3D Ser.

Calciferous

Diverticles.

Calciferous

Diverticles.

Calciferous

Diverticles.

Three distinct and sepa- The two anterior ones The two anterior ones

rate pairs. connected. connected.

Spermatheaz

.

The basal and apical

parts of about equal

width. Diverticle not

sessile.

Nephridia.

The ventral ones, or i,

are considerably nar-

rower than the lateral

ones, and furnished with

two separate coelomic

mantles.

Spermathecce

.

The basal and apical

parts of unequal width,

apical part much small-

er. Diverticle sessile.

Nephridia.

The ventral ones, or i,

not much narrower and

furnished with only one

coelomic mantle.

Spermatheccs

.

The basal part not much
wider than the apical

part, both globular and

of almost equal size. Di-

verticle sessile, longer

than in var. pacifica.

Nephridia.

The ventral ones, or i,

consist of two unequal

parts, each covered with

a coelomic mantle. They
are larger than the other

nephridia.

Detailed Description.

Size. —All the specimens are fully mature, with a large

clitellum; still none are over 30 mm. in length, while

several are less than 20 mm. Y^LrieXy pacifica is therefore

the smallest of the B. Bolavi group.

Dorsal Pores. —The variety agrees with B. Bolavi, but

differs from B. palmicola in which the most anterior dorsal

pore is IV/V.

Penial Setcs. —The smaller seta shows no forking but is

distinctly spoon-like. The figure (Eisen 18) of the smaller

seta of var. palmicola is probably incomplete and figured

from a side view, as a side view of the corresponding seta

of var. -pacifica shows a somewhat similar shape; but seen

from the face it is distinctly spoon-like (fig. 72). The
notches of the larger seta are much more pointed and look

like spines, while in var. pahnicola they are very blunt.

Genital Zone. —The genital zone is not greatly depressed

but is rather flat. There is a slight elevation around the

prostate pores, and the groove connecting them is curved

towards the ventral median line of the body.
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Su-prafharyngeal Glands. —When seen in a longitudinal

section passing through the centre of the body, the posterior

lobe is much thicker than the three anterior lobes. There

are only four lobes in all, as usual diminishing in size for-

wards. These lobes are much shorter than in the var.

fahnicola. Small septal glands are present in VIII, IX, X,

XI and XII, situated close to the intestine.

Intestine. —The pharynx is furnished with a long dorsal

pocket below the suprapharyngeal glands. The sense-organ

zone in the palate is much smaller than in var. palmtcola.

In the specimens sectioned the gizzards are short and thick,

much more so than in the other varieties. The sacculated

intestine commences in XIX, as in var. falmicola, but in

B. Bolavi it commences in XXI.

The tyfhlosole is either very small or absent. In longi-

tudinal sections it did not show distinctly.

The calciferous diverticles resemble those of var. -pahni-

cola in every particular. I have re-examined my sections

of the latter form and find that in this, also, the two anterior

diverticles on either side are connected in such a manner

that they appear as a single diverticle extending through

somites XV and XVI. The diverticle in XVdoes not have

a separate connection with the intestine, but is simply an

anterior lobe or projection of the diverticle in XVI.

Spei'matheccB. —The basal part is much wider than in the

other varieties, and the diverticle is more stalked. The
size of the basal and apical parts is much greater than in

either B . Bolavi or the var. pahnicola

.

The prostates are upright and the glandular part is folded

on itself, reaching down below the beginning of the narrow

muscular duct.

The hearts are less pronounced and much narrower than

in the var. pahnicola. The last pair is in XIII. The one

in XII is much the largest.
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The nefhridia vary considerably but they are always

separated and do not overlap or touch each other. Number
2 is generally the largest; it is oblong and round. Number
I is hardly smaller than 2, and there is no separate coslomic

mantle for the ducts nearest the nephrostome.

Benhamia papillata Eisen, hawaiiensis, var. no v.

Plate X, Figs. 77-79; Plate XIV, 170, 171.

Definition. —Length 40 to 50 mm. Somites 114. First dorsal pore IV/V.

Prostate pores on small papillae. Penial setae largest, with four sharp spines

and slightly wider tip ; smaller seta with a very thin, slightly sigmoid tip.

Diverticle of the spermatheca at the junction of the muscular and glandular

part, or in the muscular part. Nephridia in three pairs ; No. i consists of

two lobes of the coelomic mantle ; the ventral lobe is the smallest. Color

pale flesh, with yellowish clitellum.

Habitat. —Honolulu, Hawaii. Eight specimens presented

by Mr. Alexander Craw. One specimen from Samoa.

The differences between B . -papillata and the variety

hawaiiensis while slight are of sufficient interest to warrant

their being recorded. It is not necessary to repeat the

characters of the species, but only to mention those in

which the species and variety differ from each other.

The specimen from Samoa differs in having the diverticle

of the spermatheca start from the muscular part instead of

from the junction of the glandular and muscular parts, as

in the specimens from Hawaii. Unfortunately the penial

setae could not be distinguished in the single specimen from

Samoa. I have, however, little hesitation in placing all

these forms together mone variety.

External, Characters. —Variety hawaiiensis is smaller

in size and the somites are fewer in number than in the

species. The papillag on which the prostates open are not

as prominent as those of the species. The clitellum is very

rough and considerably overlaps the genital pit. The
smaller penial setae are less sigmoidal at the tip, which is

somewhat shorter than in the species. The largest seta is

furnished with four short spines instead of blunt notches as

in the species. The first dorsal pore is VI/V.
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Internal Characters. —The diverticle of the sperma-

theca joins the latter at the junction of the muscular and

glandular part or in the muscular part (specimen from

Samoa). In the species the junction is much higher up

and on the glandular part. The muscular duct in both the

species and the variety is comparatively long. The ventral

ganglion in the specimen dissected is greatly enlarged in

somite X. Of the constancy of this enlargement I am not

certain. The nephridia differ considerably from those of

the species. They are shorter and do not extend as far

dorsally. The ventral nephridium possesses only two

ccelomic mantles, while in the species it has three or four.

Two figures (figs. 77 and 81) are given, illustrating their

comparative size and form.

Diverticles of the Intestine. —The pair in XVII is the

largest, and opens separately into the intestine. The pair

in XVI is next in size. The pair in XV is the smallest and

being connected with the pair in XVI can only be regarded

as a projection of the latter, the two opening through one

pore on either side into the intestine.

Benhamia nana Eisen.

Plate X, Fig. 76.

Calciferous Diverticles. —A re-examination of my slides

of this species has been made in order to compare its cal-

ciferous diverticles with those of the species described in

this paper. These glands are shaped very much as are

those in Benhamia Bolavi, var. pacijica, and there is a very

small lobe projecting forward from the diverticle in XVI
into somite XV. This lobe is connected with the diverticle

in XVI by a ciliated duct which joins the ciliated duct of

the diverticle in XV, which enters the intestine at the same

point as the duct from the diverticle in XVII. The septa

from the surrounding somites bunch together at this point

and are besides very thin and diflficult to separate. The

figure of the diverticle of B. Bolavi, var. -pacifica, given in
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this paper, would also illustrate the structure of this organ

in B. nana, provided the anterior lobe was the smaller,

instead of vice versa as in the above mentioned variety.

I have also re-examined Benhatnia B.,va.r. jiapillata, and

Benhamia B., var. -palmicola, and find that even in these

forms the two anterior calciferous diverticles are more or

less connected and that the posterior diverticle is separated.

In var. paptllata the two anterior diverticles open together

into one ciliated tube or fold, while the diverticle in XVII
is separated (fig. 76c). In Benhatnia nana the anterior

diverticle is very small (fig. ^6d).

Benhamia viridis, sp. no v.

Plate XIV, Figs. 175, 176.

Definition. —Length no mm., width 4 mm. Somites 120 to 140. Pro-

stomium divides somite I completely, but the projection is a mere groove or

line often extending as far as somite III. Setae closely paired. Penial setas

present, not ornamented. Anterior dorsal pore XI/XII. Genital zone is a

square field formed by two elevated ridges interior to which are two more or

less parallel grooves. Six pairs of tubercles in somites XIV-XIX. Sperma-

thecal pores VII/VIII, VIII/IX. Spermiducal pores in the intersegmental

groove XVII/XVIII. Prostate pores in the equator of XVII and XIX.

Clitellum saddle-shaped, in XIII-XX. Gizzards in V and VI. Calciferous

diverticles in XV, XVI and XVII. Sacculated intestine in XVIII. Typhlo-

sole in XVIII and XIX. No sperm-sacs. Spermathecae in VIII and IX
;

large apical sac tapering towards the base ; a small wart-like, plurilobed

diverticle at the base. Hearts in VII-XII. Micronephridia in eight lobes on

each side of the median line. Color bright bluish green; clitellum a yellow-

ish brown.

Habitat. —The type is from Toluca, Mexico, at an altitude

of 8,000 feet. One other specimen from the City of

Mexico. Collected by Professor A. Koebele.

The most interesting character of this Benhamia is the

position of the spermiducal pores in the intersegmental

groove of somites XVII/XVIII, instead of in the equatorial

of XVIII as in all the other species. It thus forms a con-

necting link between the two genera Betikamia and Dicho-

gaster. If the spermiducal pores in Benhamia viridis had

been moved forward just one-half of a somite the species

would have been a typical Dichogaster

.
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The single specimen from the City of Mexico differs in

some interesting particulars from the specimens from

Toluca. The ventral part of somite VIII possesses a genital

zone consisting of a small rectangular depression surrounded

by two parallel ridges which are flanked by two small

papillae , the whole structure occupying the space of the

ventral rows of setse. Sections of this specimen show a

pair of prostates situated with the sperm-ducts in somite

XVIII. These prostates, which have the same size and

shape as those in XVII and XIX, open into the posterior

part of the somite, between the equator and the interseg-

mental groove. The sperm-ducts seem to fuse in somite

XVI, opening as is usual in this species into the interseg-

mental groove between XVII and XVIII. Adjoining these

prostates in XVIII are small penial set^ of the same struc-

ture as those opening with the regular prostates in XVII
and XIX.

It is interesting to note that an exactly similar prolifera-

tion of prostates in the somite of the spermiducal pores was

found in a specimen of Trigaster tolteca previously described

in this paper; it is also found constant in some species of

Dichogaster

,

Detailed Description.

The limited number of specimens and their indifferent

preservation makes it impossible to enter as fully into details

as could be wished. This refers principally to points of

histological interest.

The -prostomium divides somite I completely, and a deep

crease is projected as far backwards as the anterior half of

III.

The somites are of even size and smooth. Those con-

taining the spermathecge are, however, furnished with a

deep crease on the ventral side on the posterior half of the

somite. The genital zone in the most perfect of the speci-

mens consists of a rectangular depression bounded interiorly

by the two more or less parallel grooves. Immediately

(9) • December 23, 1899.
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adjoining these grooves are two elevated ridges, one on

either side. Exterior to each of these ridges is a line of

papillae, of which a pair of each is on somites XIV-XIX.
Interior to this outer row there are two inner pairs occupy-

ing the places of the ventral setae in somites XV and XVI.

These papillae are absent in some specimens. The sperm-

athecal region in somite VIII is marked by a pair of ventral

median papillee on the anterior half of the somite. The
papillge are situated close together, in line with the ventral

setae.

Setce. —The ventral setae as well as the lateral are absent

on somite XVIII. The common setae are strictly paired

and all ventral. The tips of the set« are indistinctly sculp-

tured with small wavy depressions. The penial setae are

short and very slender, about one-third or one-fourth as

thick as the ordinary set£e. One seta is straight, of the

shape of a knife suddenly contracted at the point. The
other is sigmoid and curved at the apex, neither being

ornamented exteriorly. Interiorly they are seen to be com-

posed of numerous rings, one following the other as in a

coil of wires.

Calciferous Diverticles. —Only the anterior contains lime

crystal. The three diverticles open separately into the

intestine. There are minute septal glands in VII-XIII.

The typhlosole is very small and confined to two somites.

The clitellum is not well developed and it is impossible to

state whether it is saddle-shaped or ring-like.

The spermatheccB consist each of a broad, rather flat

spear-head-shaped sac. At the base is a single flat round

diverticle with the form of a rosette. Upon closer examina-

tion this rosette is seen to be composed of four to ten

interior chambers, only slightly set off exteriorly.

The diverticle is situated on the anterior side of the

septum, while the main sac projects backwards into the

posterior somite. The diverticle is about one-third the

length of the main sac. There are no sperm-sacs. Sperm-

tanks in X and XI.
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The sferm-diicts fuse and become invested with a strong

muscular covering in XVII. They penetrate the septum

separating XVII and XVIII at some little distance from the

body-wall, and then bend downwards and penetrate the

body-wall immediately under the septum in the interseg-

mental groove of XVII/XVIII. The anterior prostate and

bundle of penial setae, however, open into the equator of

somite XVII, while the posterior prostates and setae open

similarly into the equator of XIX. On account of this

arrangement the distance between the anterior prostate and

the spermiducal pore is only from one-third to one-fourth

that between the spermiducal pore and the posterior prostate.

The anterior -prostate opens immediately behind the

penial setae. The muscular part of the prostate is long and

strong. The glandular part is much folded, but confined to

one somite. The testes and sperm-funnels in X and XI
and the ovaries in XIII are normal.

The body-wall does not contain a row of the sense organs,

found in some other species of this genus.

The following septa are thickened, principally in the

dorsal parts

:

V/VI, VI/VII, VII/VIII, VIII/IX, IX/X, X/XI,

XI/XII, XII/XIII, XIII/XIV, XIV/XV.

The nephridia are the most complicated of any which I

have observed in this genus. There are about eight rows of

sacs on either side of the ventral ganglion, but instead of

being regular they vary greatly in size and form, some being

almost entire, while others are deeply lobed. The different

lobes are more connected than, for example, in Benhamia

Bolavi, var. papillata. The ventral micronephridium is as

usual the most compound.

The beautiful color of this species is an unusual one in

Oligochseta. Beddard in his large monograph mentions

that he has seen a species of Benhamia from Trinidad of a

bright green color. It is, of course, impossible to say

whether Beddard's species is identical with mine, as cir-

cumstances did not allow him to describe it.
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Benhamia jamaicae, sp. no v.

Plate XIV, Figs. 168, 169.

Definition. —Length 40 mm., width 4 mm. Somites 130. Setse closely

paired, the lateral interval slightly greater than the median. Penial setae

present, smooth with hook-like apex. Male pores in the equator of XVIII.

Anterior prostate pores in the posterior part of XVII
;

posterior prostate

pores in the equator of XIX. Prostomium large, divides somite I com-

pletely. Somite II larger than those following. First dorsal pore in VI/VII.

Clitellum complete but ventrally thin, in XIII-XX. Gizzards two, in VI and

VII. Diverticles of the intestine, three pairs in XV, XVI, XVII, not con-

nected with each other and opening independently into the intestine. Saccu-

lated intestine in XIX. Dorsally and ventrally enlarged intestinal epithelium

in XXI to XXIV. Suprapharyngeal glands with four tiers of lobes. Septal

glands thin but almost continuous from VIII to XIV. Spermathecae: pores

postseptal, VII/VIII, VIII/IX, main sac in VIII and IX, tubular, with a

minute, wart-like diverticle at the base and a larger diverticle higher up.

Testes in X and XI. Sperm-funnels in X and XI. Sperm-masses in X and

XI. Ovaries in XIII. Ovisacs in XIV. Oviducts in XIV. Prostates large

and thick, confined to somites XVII to XIX. Sperm-ducts fused, in XVII,

a horseshoe-like loop in XVI. Micronephridia, posterior ones, with coelomic

mantles. Color reddish.

Habitat. —Island of Jamaica. One specimen collected

by Professor C. H. Tyler-Townsend.

Detailed Description.

Owing to the want of specimens for dissection, the

description of some of the interior organs, especially that of

the spermathec£e, is not as full as is desirable.

Somites I, II and III are set off from the balance. Somite

III is the largest. The intersegmental groove between I

and II is hardly distinguishable.

The common setcB are smooth and not characteristic.

The larger of the penial setae is a little more curved than

the smaller. The apex of both is furnished with a small

close, helix-like hook, which in the larger seta is a trifle

more distinct than in the other.

Sense-cells. —There is a zone of hyaline cells with sense-

cells in the equator of every somite, also similar cells in the

anterior parts of the pharynx.
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The sefta are only very slightly thickened in some places.

The septal formula is as follows: —
VI/VII, VII/VIII, VIII/IX, IX/X, xTxT, XI/XII,

XII/XIII, XIII/XIV.

The dorsal -pores are large and distinct even to the last

somite of the tail.

The diverticles of the intestine are large, rounded and

oblong, without indentations. Each diverticle opens inde-

pendently into the intestine and is not connected with the

other. The posterior ones are the largest. All are of the

same structure, containing no crystals, only lime globules.

The spermatheca consists of a main sac, tubular in form

and much twisted. There is a small wart-like diverticle at

the base of the posterior spermathec^, but this diverticle is

not seen in the anterior pair. In both pairs there is a large

diverticle inserted below the centre of the main tubular sac.

The diverticle is enlarged at the apex. The apex of the

main tubular sac is enlarged, with an outer, irregular outline

and with an interior racemose chamber.

The prostates are thick and the glandular part is com-

posed of two layers of cells. They open in the equator of

their respective somites. The sperm-ducts are fused in

XVII and covered with a strong muscular investment.

There are no sperm-sacs, only sperm-masses.

The last hearts are in XII.

The genital zone is rather indifferently preserved in the

single specimen. It is square and considerably depressed.

In each of the depressed somites is seen an elevated ridge

connecting the setae, but somewhat broken in the median

line. The ovipores could not be distinguished.

Benhamia guatemalae, sp. nov.

Plate XIV, Figs. 172-174.

Definition. ~\.&c\^gih 40 mm., width 2 mm. Somites 127. Prostomium

divides somite I about one-third. Most anterior dorsal pore XII/XIII. C!i-

tellum in XIII-XX. Genital zone a round depression, with four small papillae
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marking the prostate pores. A zone of pellucid cells in the equator of

each somite. Setas paired. Penial setae present, but not ornamented.

Gizzards in V and VI. Tubular intestine ciliated. Diverticles of the intestine

in XV, XVI, XVII, each opening independently into the intestine. The two

anterior with crystals. Sacculated intestine in XIX. Spermathecae in VII

and VIII; their pores VI/VII, VII/VIII; each with a rosette-like pluri-cham-

bered diverticle near the base. Sperm-sacs racemose, two pairs, in XI and

XII. Sperm-masses in X and XI. Testes and funnels in X and XL Ovaries

in XIII. No ovisac. Prostates open in the equator of XVII and XIX.

Sperm-ducts open in the equator of XVIII. A dorsal typhlosole beginning

in XXVI. Last heart in XII; a trace of septal, but no subpharyngeal glands.

Suprapharyngeal glands slender, in four lobes. Micronephridia in five rows

on either side.

Septal formula:

—

VI/VII, VII/VIII, viii/ix, n^, }^ri, XI/XII, XII/XIII, XIII/XIV,

XIV/XV.

Habitat. —Found in garden soil in the City of Guatemala,

Central America.

This species differs from B, mexicana in several partic-

ulars. The setae are closely paired and the distance a-h is

equal to the distance c—d. The nephridia are in five rows,

while in B. mexicana they are in three rows.

Detailed Description.

The setce are closely paired and the ventral interval is

about one-fourth larger than the lateral. The penial setae

are almost straight and their apex is straight, smooth and

without ornaments. The prostates terminate on small

papillae.

The se-ptal glands, situated close to the intestine in

VII-XIII, are hardly perceptible and only one or two cells

thick.

The nephridia are highly developed micronephridia in all

the posterior somites. They are arranged in five rows on

each side of the median line. Of these rows the most ven-

tral is the largest. It is also much more branched than the

others and occupies the whole lateral interval between setse

h-c. Of the remaining micronephridia those in rows 2 and

4 are considerably smaller than those in rows 3 and 5.
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There is a dorsal fore between XII and XIII but no

other anterior dorsal pore. The postcHtellar pores begin

between XX and XXI.

The diverticles of the intestine are not connected with

each other, but open independently into the intestine in

their respective somites. The posterior pair is the largest,

the anterior the smallest. The two anterior pairs contain

large crystals. The posterior pair did not contain any
secretions.

Sfermathecce. —These organs are large and sac-like,

each being furnished with a large rosette-like diverticle

containing several pear-shaped chambers strongly marked
on the exterior of the diverticle. The diverticle projects

through the anterior septum into the somite next anterior to

the pore. The pores open into the intersegmental grooves.

The specimen sectioned contains an additional spermatheca

on one side of the body. It opens into the intersegmental

groove between V and VI. It is quite rudimentary. The
two main pairs of spermathec£e are in somites VII and VIII.

The testes in X and XI, and the two pairs of sperm-fun-

nels in the same somites, offer nothing characteristic.

There are two pairs of very minute, racemose sperm-sacs in

XI and XII, situated on the lateral and ventral sides of the

coelom. The two sferm-ducts fuse in XVII, and in XVIII
are invested with a muscular coat as thick as the rnuscular

part of the prostates. Both the prostates and the sperm-

ducts open into the equator of their respective somites.

Dichogaster Beddard.

General Remarks on Affinity.

The three new species which I am enabled to describe

tend to further cement together the various species of this

genus, as well as to confirm the views held by Dr. Michael-

sen in regard to the affinity of the genus. He explains the

striking similarity between some species of Beiihamta and
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Dichogaster by supposing that the latter genus has descended

from the former through a process of reduction of the pros-

tates and through a displacement of the male pore. That
such reduction and displacement has actually taken place is

evident from the fact that some of the species now described

offer characteristics which are intermediate between the

two genera. A perfect series is had from the typical Ben-
hamia with its male pores in the equator of XVIII to the

typical Dichogaster with its male pores opening with the

prostates in the equator of XVII

.

Benhamia viridis forms the first link in this chain. In

this species the pore of the sperm-ducts has advanced more
than one quarter of a somite, being found in the anterior

part of XVIII near the intersegmental groove. The next

link is seen in Dichogaster Ribaucourti, where we find the

pore of the sperm-ducts in the intersegmental groove

between XVII and XVIII. In this species the prostates

have remained. The next link is Dichogaster Townsendi,

in which the pore of the sperm-ducts is in the equator of

XVII, together with the prostate pore, but the remains of

the former spermiducal somite are yet recognizable in an

accessory septum found in somite XVII. This accessory

septum is situated immediately posterior to the sperm-ducts,

lying between them and the septum separating somite XVII
from the fully developed somite next posteriorly. As might

be expected, somite XVII is slightly larger than either of

the adjoining somites, but otherwise there is no exterior

sign that two somites have been fused together.

The development of Dichogaster from its Benhamia-Xik.^

ancestors has thus comprised two distinct processes: one

consisting of a displacement of the male pore forward, the

other in a reduction in size and the disappearance in part of

the male pore-bearing somite, XVIII.

As regards the reduction of the prostates, we find this to

be more or less complete and not subjected to any general

rule. While in some species the prostates have disappeared

from the somites posterior to the male pores, in others they
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have remained, and in some species

—

D. Tozvnsendi and

D. Damonis —an increase in the number of prostates has

taken place.

It is superfluous to state that the author fully agrees with

Dr. Michaelsen's theory of the derivation of Dichogaster

from ancestral Benhamias; also in the derivation of Crypto-

drilini from Acanthodrilide ancestors. It is impossible with

our present knowledge of the structure of the various spe-

cies of Dichogaster and Benhamia to keep the families sep-

arate as proposed by Beddard.

It may be of some interest to recapitulate and review the

similarities between the genera Beiihatnia and Dichogaster.

These similarities are so many and so important that they

can not possibly be accounted for by chance. The follow-

ing characters are found in some of the species of both

genera:

—

1. A pellucid zone of sense-cells in the pharyngeal

region.

2. A zone of sense-cells in the equator of each somite.

3. Micronephridia covered with a coelomic mantle.

4. A great variation in the nephridia in the different

species.

5. Intestinal posterior coeca (Millsonia and Benhamia

ccectfera).

6. A very characteristic arrangement and structure of

calciferous diverticles in XV, XVI and XVII.

7. The form of the spermathecse.

8. A depressed genital zone, below the general surface

of the body,

9. Two forward gizzards.

10. A tendency to variation in the position of the sperm-

iducal pore.

In the following, Dr. Michaelsen's view as to the limits of

the genus has been accepted to the extent of placing in it

the genus Millsonia; but in addition, in concurrence with

the suggestion of Beddard, the genus Microdriltis has also

been included. This I know will clash with Dr. Michael-

sen's view as to the reduction of the prostates and their
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relation to the spermathec^. Dr. Michaelsen noias tnat

the reduction of the posterior prostates and the forward

movement of the sperm-ducts has been necessarily accom-

panied by a reduction of the anterior pair of spermathecse.

So far as we know, this has been the case in four only of

the Dichogaster species, Dichogaster Damonis, for instance,

being an exception.

On examination, D. Townsendi is found to greatly resem-

ble D. Damonis in almost every particular, except that the

former possesses two pairs of spermathecae. It is impossi-

ble to separate these two species and refer them to different

genera. Among the other species, Microdrilus saliens dif-

fers from D. Braunsi principally in the possession of two

pair of spermathecae, but in other respects the reduction of

the prostates and the forward movement of the sperm-ducts

have been completed. In another species, D. Ribaucourti,

the forward movement of the sperm-ducts has alone been

accomplished, the two pairs of prostates and the two pairs

of spermathecse remaining.

As the genus Dichogaster is now presented, it is impossi-

ble to segregate any one of the species without destroying

the whole genus. If, for instance, we begin by assigning

D. Ribaucourti to the genus Benhaniia, on account of its

two pairs of prostates and its two pairs of spermathecse,

then we must, to be consistent, refer D. Tozunsendi also to

this genus; but if D. Townsendi is placed in the genus

Benhaniia, D. Damonis must likewise be placed there, as

these two species differ only in the presence or absence of

the anterior pair of spermathecse. Similarly, if we transfer

D. saliens and D. Crawi to the genus Microdrilus, then,

also, must be referred to this genus several other species

which do not possess posterior prostates.

As will be seen from the above, it is impossible to segre-

gate any of the species and place them in other genera

without destroying the whole genus. At the same time, we

see that the most constant character is the position of the

sperm-ducts in the center of somite XVII; but even this

constancy of character is shaken by the position of the
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sperm-ducts in the intersegmental groove in IJ. Ribaiicourti.

It may further be seen that the reduction of the prostates

is often but not always accompanied by a corresponding

reduction in the anterior pair of spermathecee. In one spe-

cies the anterior pair of spermathecge has been reduced but

the prostates have been increased.

In D. Da?nonis, for which species the genus Dichogaster

was created by Beddard, the only pair of spermathecse is

found in somite VIII and not in IX, the reduction in this

species having taken place in the posterior pair of sperma-

thecae and not in the anterior pair. Under these circum-

stances, the validity of the theory advocated by Dr.

Michaelsen, that the reduction of the posterior prostates is

accompanied by a reduction of the anterior spermathecae, is

questionable. Should we eliminate from the genus Dicho-

gaster any species with spermathec^ in somite VIII, then

we would have to drop from the genus the very species for

which the genus was created.

Since the above was written, the author has received from Dr. Michaelsen his inter-

esting paper on Balanta (29). In this paper Ur. Michaelsen enlarges yet further upon
his views in regard to the reduction of the anterior spermathecae and the posterior

prostates. If we consider all the known species of Dicliogaster, it will be seen that the

theory does not hold good in all instances, and cannot, therefore, be considered of

universal importance. The accompanying diagram, arranged in accordance with that

constructed by Dr. Michaelsen, will, I think, show the variations in the reduction of the

prostates and spermathecje. Here it will be seen that while in Dkhof^astcr Crawi the

posterior prostates have been reduced, the anterior and corresponding sperniathecte

remain; and also that although the posterior spermathecae have been eliminated in

D. Damonis, the anterior prostates still remain. Moreover, the diagram shows that

while in some species the sperm-ducts have been moved forward, no corresponding

elimination of prostates and spermathecae has taken place. In order to make the

diagram more useful I have included the gizzards and diverticles and also endeavored

to show the three kinds of nephridia. The diagram of D. nigra will serve also for

D. minniSy D. Braunsi and D. Hnpferi. In D. mimus the sperm-sacs are in XI and XII. In

the other two species they are unknown.
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Key to the Species of Dichogaster.

I. Two pairs of spermathecae.

1. One pair of prostates in XVII. Somite I reduced. Penial setce

present D. Crawi, sp. nov.

2. One pair of prostates in XII. Somite I normal. Penial setae

present D. saliens Beddard.

3. Two pairs of prostates in XVII and XIX. No penial setae. Male

pores in the intersegmental groove, but in XVII.

D. Ribaucoiirti, sp. nov.

4. Three pairs of prostates in XVII, XVIII and XIX. No penial

setae. Male pore in the equator of XVII.

D. Townsendi, sp. nov.

II. One pair of spermathecae. No penial setae.

5. Three pairs of prostates in XVII, XVIII and XIX. A wart-like

spermathecal diverticle. Spermathecal pores VII/VIII.

D. Damonis Beddard.

6. One pair of prostates in XVII. Male pores open in a copulatory

bursa. Spermathecal pores VIII/IX. No spermathecal diver,

tide D. nigra Beddard.

7. One pair of prostates in XVII. Male pores separated. Sperm-

athecal pores VIII/IX. A wart-like spermathecal diverticle.

D. mimus Michaelsen (io).

III. One pair of spermathecae. Penial setae present; one pair of prostates

in XVII.
8. Differentiated spermathecal sexual setae.

D. Hupferi Michaelsen (6).

9. No differentiated spermathecal sexual setae.

D. Bratmsi Michaelsen (18).



ZooL.—Vol. II.] RISEN—OLIGOCH^7A

.

227

Diagram Showing Location of Gizzard, Spermathec/E, Sperm-sacs,

Prostates, Sperm-ducts, Diverticles and the Nature of the Nephridia.
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Dichogaster Crawi, sp. no v.

Plate VI, Figs. 82-94B, 112, 113.

Definition. —Length 40 mm. Somites 120. Prostomium and somite I are

reduced. Clitellum complete, in ^ XIII->^ XX. Genital zone sunk, nar-

row, from XVI-XVIII. Male pore on papillae in XVII, in line with setae ab.

Setse strictly paired, faintly ornamented. Setse ab absent in XVII. Penial

setae straight with seven knees on each side. Dorsal pores begin 1 1 I/I V.

Spermathecal pores VII/VIII, VIII/IX, in front of setae ab. Testes in X
and XI. Ovaries in XIII. Racemose sperm-sacs in XI and XII, postseptal.

Ovisacs, one pair in XIV. Oviducts in XIV, opening into separate pores,

situated close to and interior to setae ab. Gizzards two, in VII and VIII.

Tubular intestine begins in XII. Sacculated intestine begins in XIX. Typh-

losole large, commences in XXIII, zigzags on dorsal side. Calciferous

diverticles in XV, XVI, XVII, with one duct in XVI. Last heart in XIV.
Prostates confined to somite XVII. Sperm-ducts open immediately behind

prostates in the same papilla. Micronephridia in four rows on each side of

the median line.

Habitat. —Honolulu, Hawaii. Found among the roots

of plants received at San Francisco. Collected and pre-

sented by Mr. Alexander Craw, State Horticultural Quar-

antine Officer of California, after whom I take pleasure in

naming the species. One specimen was also received from

the plant-house at Del Monte, California, taken in June,

1897. The worms when alive showed great activity, jump-

ing several inches into the air when touched.

The specimen from Del Monte differed from the Hawaiian

specimens in the disposition of the nephridia and in having

a little longer spermathecae. Dichogaster Craxvi is nearest

related to Dichogaster saliens. Judging from Beddard's

rather short description, the two species differ from each

other in the following particulars: —

Dichogaster Crawi. Dichogaster saliens.

Somite I reduced. Somite I normal.

Penial setae with a fine hair tip fur- Penial setae without fine hair tip.

nished with a knob.

The posterior calciferous diverticle The posterior calciferous diverticle

connected by a ciliated duct with the. connected with the upper part of the

duct of the anterior diverticle. anterior diverticle, and without any

ciliated duct.
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External Characters.

Somites. —The prostomium (fig. 84) is very small and

causes only a small indentation in somite I, which is the

narrowest, being about one-third the width of II. The
somites following increase slightly in width up to somite VI

and VII, both' of which are of equal size, and about twice

as wide as I. Somites VIII to XII gradually decrease in

size towards the clitellum, which commences in the center

of XII and continues to the center of XIX. The somites

posterior to the clitellum are much narrower but more dis-

tinctly three-ringed. Somite I is narrowest on the ventral

side.

Dorsal-pores. —First pore III/IV. The first very distinct

pore, viewed exteriorly, is V/VI.

Setce. —The setae are strictly paired and ventral, not

reaching the lateral line. The couples are nearly equidis-

tant from each other, except in the somites where a deltoid

arrangement is found, similar to that which is seen in some

species of Microscolex (Deltania). The distance a-a in-

creases from about somite XXVIII to XVII, in which is the

male pore; and from XVII the distance increases forwards

to somite XI, then decreases towards VIII and VII, the

spermathecal somites. From VII forwards there is first a

slight increase, then a narrowing towards I.

All the setae are slightly sigmoid, with four or more sHght

notches or spines near the apex. There are two bunches of

penial set£e in XVII, at each male pore. The projecting

part of the setae is either slightly curved or perfectly

straight, tapering to a fine point, which is bent in a right

angle and furnished with a knob. The outline is strongly

wavy, showing about seven sharp knees on either side, but

with no other ornamentation. The smaller seta has the

knees less prominent and the bent apex longer, and the

knob fully as large as that of the larger seta. The third seta

appears to be undeveloped. In one sac this seta was very

strongly curved.
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Genital Zone. —(fig. 83.) This zone is small but distinct.

It commences with somite XVI and ends with somite XVIII.

It is very narrow, of about the width of a somite, except in

the centre, where it is about twice as wide. The whole

zone is sunk as in Benhamia and surrounded by an elevated

ridge of clitellar cells. There are no distinct markings of

the somites in the zone, except at the boundaries. There

are two male papillae in the centre of the zone, from each

one of which protrudes the large, almost straight apex of a

penial seta.

Lymphocytes and Cells of the Body-wall. —(figs. 91, 113.)

The prostomium is well developed and its epithelial cells

are taller than the cells of the nearest somites, tapering

towards the interior and ending in a fine hair-point. Such

cells are also, though more sparingly, found in the epidermis

of the other somites, interspersed among ordinary support-

ing cells. They stain differently from the latter, being more

erythophile, while the supporting cells are decidedly cyano-

phile. In the former pages of this paper it has been pointed

out that similar cells are found in large numbers in the cau-

dal zone of Pontoscolex, and it is stated as my opinion that

they are probably sense-cells, especially responding to

vibrations transmitted through the soil.

On the inner side of the prostomium, but especially on the

two inner lips or ridges separating the mouth from the palate,

we find groups of regular taste-cells, each with a fine hair-

point. They occur in bunches of twenty or more, and the

hair-points frequently project through the cuticle in such

numbers as to give the cells the appearance of being ciliated.

These cells stain much deeper than the other sense-cells.

They have the same general form.

Dr. R. Hesse in a most admirable paper (2) has described

a number of cells of very distinct construction, which he

supposes, and as it appears with very good reason, to be

cells sensitive to light. Cells of a similar nature are found

in considerable numbers in the prostomium of Dichogaster

Crawi. Their structure is similar to that of the light-cells

of Alloloho-phora arbo7'ea, as figured by Hesse. They vary
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in size and shape, but the central core in the cytoplasm is

always rounded or ovoid. The cytoplasm of the core (fig.

113) is always coarsely vacuoled or foam-like, while that

outside of the core is much more finely granulated. The
distinction between the two is always great and well marked,

the central core staining paler than the surrounding cyto-

plasm. The best differentiation was effected with eosin

and thionin. With h^ematoxylin the foamy structure of the

cytoplasm becomes clouded and indistinct.

These light-cells were not found outside of the prosto-

mium. There were none in the brain or in other ganglia.

Beddard described in Microdrilus salients a zone of clear

cells in the pharynx, similar to the corresponding zone in

Benhamia, and he calls attention to the astonishing resem-

blance between these two genera in this respect. In Dicho-

gaster such a zone exists in the two circular lips or ridges

of the mouth, next to the prostomium, but it is less well

defined than in Benhamia, common supporting cells appear-

ing between the clear cells. At one end of this zone there

is an area consisting of glandular cells. In the central

median line of each somite there is a continuous row of

glandular cells, six to ten cells deep, staining more intensely

than the regular goblet cells of the epidermis. In the center

are a few sense-cells, but as far as I can see with no sense-

hairs. This zone resembles the sense-zone found in the

equator of the somites of Benha^nia, but it is less differen-

tiated and defined.

Mucocytes. —(fig. 12.) There are several kinds of lympho-

cytes in the coelomic cavity. The large majority consist of

very large mucocytes, each with a nearly central nucleus

and foam-like cytoplasm, radiating towards the nucleus.

These call for no special description.

Morocytes. —This name is proposed for a certain kind of

lymphocyte with peculiar characteristics. The nucleus is

nearly always situated close to the cell-wall. The cyto-

plasm is separated into two distinct parts. One of these is

central, extending from one end of the cell to the other;

( 10

)

December 23, 1899.
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this part is generally sausage-like, curved or rounded, and

appears quite solid. One of its long ends touches the nucleus

while the other reaches the cell-wall on the opposite side.

This large central body is connected by a few very thin cyto-

plasmic strands with the cell-periphery. It is composed of

a number of hyaline globules of various sizes, around which

the cytoplasm is crowded. The central cytoplasmic core

resembles a mulberry; hence the name.

Eosino-philes. —These cells are small and round, of the

same size as the morocytes, but less numerous. The
diameter of the nucleus, which is frequently slightly poly-

morphous, is twice the diameter of the morocyte. The
cytoplasm is coarse and fills the cell outside of the nucleus.

Internal Characters.

Septa. —Some of the septa are slightly thickened. The
most anterior thickened septum is that separating somites

IV and V; it passes behind the suprapharyngeal glands.

This septum is quite as thick as the longitudinal mus-

cular layer of the body-wall. There is an exceedingly

thin strand separating V and VI. Posterior to this there

are no distinct septa until VIII/IX. The following septa

are all very thin, but XI/XII, XII/XIII, XIII/XIV are

thickened, principally nearest the body-wall on the dorsal

side. The last three septa mentioned are as thick as the

muscular layer of the body-wall. The septum separating

XI and XII is connected by muscular straps with the pos-

terior parietea on the dorsal side. This structure has been

described by Beddard as also belonging to Dichogaster

rubens and D. nigra, though occurring in different somites

in those species.

The specimen of Dichogaster Crawi which I sectioned

longitudinally is peculiar in that each of somites XI and

XII has two septa, one at a little distance from the other

and running somewhat irregularly. The septum X/XI cor-

responds to the intersegmental groove X/XI. In septum

XI/XII, the anterior part is situated in the center of XI, the

posterior part in the intersegmental groove XI/XII; there is
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also a septum extending from the posterior intersegmental

groove on the ventral side of XII to the center of the dorsal

side of XII. The formula for the septa would be as follows

:

IV/V, V/VI, O, O, O, O, X/XI, XI/XII, XII/XIII,

XIII/XIV, disregarding the double septa in XI and XII,

the constancy of which is not proven.

Intestine. —(fig. 91.) The prostomium is quite large

and furnished with an epithelium much wider than that of

the body-wall, consisting almost exclusively of taste-cells

interspersed with a few light-cells. At the inner base of the

prostomium there runs all around the mouth the usual pair

of lip-valves capable of closing the intestinal tract against

the exterior. Between the lips and the pharynx there is a

space as wide as the lips themselves, occupied by a com-
mon epithelium. The pharynx is developed only dorsally

and is sac-like. The pharyngeal glands are large, espec-

ially the posterior lobe. The anterior lobes are hardly

perceptible in longitudinal median sections. In slightly

extra-median sections we see that the anterior lobes are

present, but small. There are five lobes, respectively

diminishing in size forwards, but the anterior lobe is very

much smaller than the one next to it —so small that it

readily escapes observation.

The oesophagus extends a considerable distance behind

the pharynx. It is at first narrow, widening out to about

three times the original width and then joining the gizzards.

The gizzards are in VII and VIII, joined by a narrow

bridge. Behind the gizzards the intestinal walls are fur-

nished with a thick, folded epithelium extending through

somites IX-XII inclusive. In XIII the intestine becomes
tubular, the epithelium not being folded and the walls being

narrow. This part of the intestine is perfectly straight

throughout, there being no bend either before or behind

the gizzards.

Calciferous Diver tides. —(figs. 92, 93.) There are three

pairs, the same as in Benhamia, and they are of the same
general structure. There is only one entrance from the



234 CALIFORNIA ACADEMYOFSCIENCES. [Proc. 3D Ser.

diverticles, on either side, to the intestine. This entrance

is situated on the dorsal side of the intestine, just below

the septum XV/XVI. But the connection between the

diverticles on each side is not such as is figured by Bed-

dard in his Microdrilus salie?is. There we see that the

connection is high up and the posterior diverticle appears

to be merely a fold or projection of the middle one. In

Dichogaster Crawi the posterior diverticle is connected

with the main duct by a long duct which runs parallel to the

intestinal wall. The anterior pair of diverticles is in reality

only lobes of the second pair, and only slightly set off from

it. The posterior pair is well set off from the middle pair.

Sexual A-p^aratus. —(figs. 89, 94.) As far as can be

judged from Beddard's descriptions, these organs resemble

those of Microdrilus saliens. The two pairs of spermathecas

are of toadstool shape, each with a short diverticle pointing

forwards. The ciliated sperm-funnels are short, compact,

and not folded, much the same as in Benhamia. The sperm-

sacs are small, racemose, and postseptal in XI and XII.

The ovaries in XIII are just inside of the clitellum. There

are two ovisacs protruding from the septum XIII/XIV into

XIV.

The sperm-ducts are separate till they reach the pore.

With the commencement of somite XV they are compara-

tively narrow, but in that somite their muscular layer begins

to widen and at the end of it is more than twice as thick as

in XIV. From somite XIV to the pore the combined ducts

are of even thickness, and as wide as the muscular duct of

the prostate. The sperm-duct at this point is as thick as

the two muscular layers of the body-wall combined. It lies

entirely free and on the top of the coelomic epithelium.

The prostate is tubular and confined to one somite, XVII.

The muscular part is quite long. The glandular part is

tubular and consists of two layers of cells. The papilla on

which the pores are situated is strongly convex, but hardly

extends above the line of the general body-wall. The

prostate opens in the centre of the papilla, and the sperm-

duct immediately behind in the posterior part of the pore.
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The oviducts open separately, each one on a papilla

occupying the whole width of the somite. The cells of

this papilla are very thin and stain less deeply than the

clitellar cells.

Ne^hridia. —(fig. 90.) The nephridia are strikingly like

those of -diBenhamia. There are only micronephridia arranged

in four rows on each side, extending from the ventral to the

dorsal side, almost uniting with each other at the dorsal line

of the body. Each one of the four micronephridia consists

of a coelomic rounded mantle, with ducts along its anterior

margin. Nephridium i consists of one larger and two

smaller mantles, the latter covering part of the ducts nearest

the nephrostome. I could only find nephrostome belonging

to nephridia i; they are in line with set« ab. There is a

pair of peptonephridia in somite IV. In the specimens

from Hawaii the nephridia are arranged as in fig. 90. In

the specimen from Del Monte the fourth and most dorsal

nephridium is situated much nearer the dorsal line, there

being a space between the third and fourth nephridium as

wide or wider than the largest micronephridium.

Vascular System. —The last hearts or connecting vessels

are in XII, Commencing with XIV the dorsal vessel is

greatly enlarged, forming out of the main median trunk a

large median heart separated from the one in somite XIII

by valves. The corresponding enlargement in XIII is

almost as large, but the one in XII is several times smaller,

and hardly larger than the normal size of the vessel. A
similar enlargement of the dorsal vessel has been described

by Beddard in Milhonia ruhens.

Dichogaster Ribaucourti, sp. nov.

Plate XIV, Fig. 181.

Definition. —Length 80 to 100 mm., width 3 mm. Somites 150. Prosto-

mium very narrow, divides somite I completely. No dorsal pores anterior

to clitellum. Genital zone consists of two elevated crescent ridges, with the

concavity ventral, in somites XVII to XIX. Setae strictly paired. No penial
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setae. Sperm-ducts straight, joining in XVII, opening into the interseg-

mental groove between XVII and XVIII. Prostates, two pairs; the anterior

pair opens immediately ventral to the sperm-ducts in XVII, the posterior

pair opens in the center of XIX. Spermathecae, two pairs; one pair in VIII,

one pair in IX, their pores in line with setae ab in the intersegmental grooves

between VII/VIII, VIII/IX; several diverticles near the base. Oviducts sep-

arate. Sacculated intestine commences in XIX. No typhlosole. No intestinal

coeca. Gizzards, two in V and VI. Calciferous diverticles. three pairs in

XV, XVI, XVII, opening into the intestine through three pairs of pores.

Last hearts in XIII. Nephridia are micronephridia, ten on each side, each

one with a coelomic mantle. Testes and sperm-funnels in X and XL Ovaries

in XIII. Color reddish brown, pigmented, strongly iridescent on dorsal

side.

The following septa are thickened:

—

VIII/IX, IX/X, X/XI, XI/XII, XII/XIII, XIII/XIV, XIV/XV.

Habitat. —City of Mexico, Mexico. Collected by Pro-

fessor Albert Koebele, September, 1897. Five specimens

preserved in formalin, only three of which possess an exte-

rior genital zone. The clitellum is not differentiated in any

of the specimens.

Every species of this interesting genus proves conclu-

sively that the genus cannot be far removed from Benhamia,

and that with Michaelsen we must consider Dichogaster as a

reduced Benhamia. The present species demonstrates also

that this genus is not as incongruous as Beddard supposes,

and that the species with separate prostates posterior to the

male pores are not sufficiently distinct to warrant assigning

them to a separate genus. In the species under consideration

one pair of accessory prostates is found in XIX, making

the species intermediate between those species without

accessory prostates and those with three accessory pairs

(Z?. Damonis and D. Townsendi)

.

Detailed Description.

The -prostoTniuTn is exceedingly narrow, the posterior pro-

jection being merely a furrow completely dividing somite I.

The somites offer nothing especially characteristic. The

clitellum is not developed in any of the five specimens, but

there is no reason to suppose that it is wanting in fully

mature individuals.
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The geyiital zone, on account of the absence of a clitel-

lum, is less developed than in fully matured specimens. The

two lunate ridges covering the three somites XVII to XIX
are of even thickness throughout their length, and so curved

that they enclose between them a zone oval in the center.

The specimens not being in the very best condition, it was

impossible to observe any of the exterior pores.

The sctcR are strictly paired and all ventral. Their tips

are slightly scalloped. The absence of penial setae brings

this species into close relation with Dichogaster Damonis,

which species it also resembles on account of its accessory

prostates.

The sfenn-ducts are straight, without the horseshoe-like

bend found in D. Crawi. The two sperm-ducts are sepa-

rate until they reach somite XVII, where they fuse into one

just before entering the male pore, which is intersegmental

and not equatorial.

The absence of sferm-sacs may be due to the immature

state of the specimens.

The sperm-funnels lie immediately behind the testes in X
and XI. In line with the testes, but in somite XII, is found

a pair of structures resembling ovaries. They are some-

what smaller than the regular ovaries in XIII and less

divided than the testes. These structures are probably

accidental.

The prostates have the normal structure. There is a

long muscular duct and a thicker glandular upper part.

The latter, which is confined to one somite, contains two

layers of cells, the inner of which is very minute.

There are no ovisacs developed. The spermathecse are

large and sac-like, pointing forward. There are several

small wart-like diverticles pointing forward and penetrating

the anterior septum, the diverticles thus being on one side

of the septum, while the main sac is on the other. The
pores are in the intersegmental grooves.
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The calciferous diverticles are arranged three on each

side. The two anterior pairs contain lime crystals. The
po-sterior pair is of a different structure, the inner lining

consisting of globular cells like those figured from Benhamia
nana. In this posterior pair there are no lime crystals.

Each diverticle opens into the intestine by a separate pore,

and they bear no relation to each other. There is no typh-

losole and there are no intestinal coeca.

The nefhridia resemble in a general way those of the

genus Benhamia. There are ten rows of micronephridia

on either side of the ventral ganglion. The pair nearest

the ganglion is split up into three small lobes, and the one

nearest this consists of two lobes, but all the others consist of

but a single lobe. Each lobe is surrounded by a coelomic

glandular mantle. No nephrostomes were observed. There

is no specialized zone of sense-organs in the epidermis.

Dichogaster Townsendi, sp. nov.

Plate XIV, Fig. 182.

Definition. —Length 90 mm., width 5 mm. Somites about 165. Prosto-

mium divides somite I about one-half. Dorsal pores present. Genital zone,

a flat, square field on the ventral side of XVI-XIX (immature specimen).

Setse paired, absent on somites XVI and XVII. No specialized penial setae.

Spermathecae two pairs, in VIII and IX; pores postseptal; a medium sized

diverticle pointing forwards. Testes, two pairs in X and XI. Sperm-funnels

in X and XL Sperm-sacs racemose, in XI and XII, both postseptal. Three

pairs of prostates. Anterior prostates opening with the sperm-ducts into

XVII, one pair in XVIII and one pair in XIX. Two gizzards in V and VI.

Diverticles of the intestine in XV, XVI, XVII. Sacculated intestine com-

mences in XIX. Last hearts in XII. Nephridia: anteriorly plectonephridia,

posteriorly meganephridia. No subpharyngeal glands and no septal glands.

Color, above brownish and pigmented, below pale, uncolored.

Septal formula:

—

V/VI, VI/VII, VII/VIII, VIII/IX, IX/X, X/X!, XI/XII, XII/XIII,

XIII/XIV, XIV/XV, XV/XVI.

Habitat. —Jamaica. Collected by Professor C. H. Tyler-

Townsend, for whom the species is named.
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This species is readily distinguished by its two pairs of

spermathecse and three pairs of prostates, as well as by the

absence of specialized penial setas. The arrangement of

the nephridia is also characteristic. The male pore is equa-

torial, while, in D. Ribaucourti \\. is intersegmental.

Detailed Description.

The single specimen at my disposal was poorly preserved

in alcohol and contained much sand. It was first halved

and washed free from sand, after which one half was sec-

tioned lengthwise. The specimen is not adult and the cli-

tellum is not indicated. All other organs were, however,

fully developed, with perhaps the exception of the prostates,

mention of which will be made later.

Somites. —The prostomium and somite I are small but

normal. From somite XI anteriorly the somites are much
smaller. Somite XVII is somewhat larger than those

adjoining.

SetcB. —The common setae are rather slender and straight

and without ornamentation. There are no setse ab in XVII
and XVIII, but there is at least one seta at the prostate

pores in XIX. These setcc are possibly a trifle more slender

than the ordinary ones but cannot be considered as penial

setse. All the setae are closely paired and all ventral. The
ventral interval is one-third greater than the interval b-c.

Se^ta. —The septa are remarkable for their thinness. In

no other earthworm have I found the septa so thin, most of

them being only one or two strands thick. The thickened

septa are thickened principally along the dorsal and ventral

sides. There is no trace of septal glands nor of any sub-

pharyngeal glands, but the suprapharyngeal glands are fully

developed.

Intestine. —The two gizzards are powerfully developed

and are not particularly characteristic. The tubular intes-

tine is straight. In somites XV to XVI there are as usual
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three pairs of diverticles, which in this species are much
developed. Each diverticle opens independently into the

intestine.

SpermatheccB. —The spermathecge are of large size, each

one consisting of a large distal sac and a narrower duct.

The pores are in the anterior part of the somite and accord-

ingly postseptal. They open into the intersegmental grooves

of VII/VIII and VIII/IX. I am unable to state whether

the diverticle penetrates the anterior septum. The upper

sac-like part has a remarkably thin wall, as thin as the

thinnest septum and entirely without columnar epithelium.

The muscular duct, however, is thick and furnished with a

somewhat pear-shaped diverticle containing from three to

several longitudinal chambers which seem to open separately

into the muscular duct.

The testes and ovaries are minutely lobate.

The sperm-sacs are strongly racemose. The s-perm-ducts

run side by side but do not fuse until they reach somite

XVII. Here the duct is seen to be strongly muscular and

as wide as the prostate, behind which it passes, opening

into the same pore. Of the three pairs of prostates, the

anterior pair, which opens with the sperm-ducts, is the

largest, being of the usual size. It is confined to somite

XVII. The upper, glandular part is no thicker than the

muscular part and has no distinct glandular cells, though

there are two distinct layers of cells. The outer cells are

very minute, resembling connective tissue. This unusual

structure of the prostate may be due to degeneration. The
prostates in XVIII and XIX are about one-half as wide as

those in XVII. They open into the equator of their re-

spective somites. The one in XIX opens immediately in

front of a common setse. These posterior prostates are

present on both sides of the worm and possibly are charac-

teristic of the species and not accidental proliferations.

Nephridia. —The nephridia of this species are interest-

ing. There are no micronephridia, as in some other species,

at least none covered with a coelomic mantle. Anterior to

the clitellum the nephridia show a plectonephric condition.
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as in most other species; but posteriorly, where it would be

expected that micronephridia would be found, are large and

apparently typical meganephridia. Typical is used advis-

edly, as the condition of the specimen did not allow of

any very minute investigation.

PERICH.^TIN^.

Pontodrilus Perrier.

Pontodrilus Michaelseni Eise?i, hortensis, var. nov.

Definition. —Length 75 mm., width 3 mm. Prostomium encroaches

slightly on somite I. Setae with exceedingly faint transverse furrows. Sexual

zone depressed, with two parallel pits separated by a slight longitudinal ridge.

Anterior to this zone the clitellum is saddle-shaped. Spermathecse large,

pear-shaped, with narrow duct and a narrow, club-shaped diverticle. Pros-

tate with the muscular duct about two-thirds as wide as the glandular part.

The sperm-duct enters the glandular part near the muscular part and enters

the lumen at once. Intestine with a vascular crop in XIV and XV which is

strongly contracted at the septa. In other respects similar to the species.

Habitat. —In garden soil, along sewers in the gardens of

Loreto, Baja California, Mexico, June 20, 1899. Many
specimens fully adult and with well developed clitellum and

sexual zone. The soil in the gardens is slightly saline, but

not to such an extent as to prevent the cultivation of oranges,

limes and bananas. The date palm thrives especially well.

No specimens were found near the shore.

Sexual zone. Spermatheca.

Detailed Description.

Characteristics. —The principal differences between the

species and the variety are found in the sexual zone, the

form of the spermathecae, the faint ornamentation of the

set£e, and the relative size of the muscular and glandular

parts of the prostates.
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The septal formula is as follows

:

IV/V, VTVI, VI/VII, VII/VIII, VIII/IX, Ix/x, X/XI,

XI/XII, XII/XIII, XIII/XIV.

Intestine. —The tubular part is narrow and even and joins

a vascular crop in XIV. This crop is more vascular than

that of the species and is shorter and narrower. It is also

strongly contracted at the septa, which is not the case in the

species.

Sperm-duct. —In a recent paper Michaelsen (30) has

given great importance to the assertion of A. lizuka, that

the sperm-duct in Pontodrilus inatsushimensis lizuka tra-

verses the wall of the whole glandular prostate in order to

enter it at its distal free end. lizuka assumes that this

peculiarity is a common characteristic of all species of the

genus. A re-examination of the type specimens of P.

Michaelseni, as well as a careful study of two sets of serial

sections of the variety in question, shows conclusively that

the sperm-duct enters at once and directly into the gland-

ular prostate at a little distance above its junction with the

muscular part. There is, however, a long and thick blood-

vessel which takes the same course as the sperm-duct

figured by lizuka. Michaelsen (30, p. 221, line 10), who
has described a variety of the Japanese species (P. masush-

imensis var. chatamianus) , appears to be somewhat uncer-

tain about the exact point of entrance of the sperm-duct.

Under these circumstances it seems to be premature to

place any great importance on the possibly aberrant struct-

ure of the sexual apparatus of the Japanese species.

SpermatheccB. —The spermathec^e are much larger than

in the species. They occupy the largest part of their re-

spective somites. The form of the main sac is also differ-

ent from that of the species.

Nephridia. —As in the species these organs begin in

somite XIII. The nephridia anterior to the clitellum are

furnished with only a few accessory cells, while those



ZooL.—Vol. II.] RISEN—OLIGOCHyETA. 243

posterior to the clitellum are covered with a thick coelomic

mantle, which seems more uneven and more rugose than

that of the species.

SetcB. —The ornamentation of the setae is exceedingly faint.

The tip of the setae at first glance appears to be perfectly

smooth, and it is only with a good homogeneous immersion

lens that the faintest of marginal impressions —too faint to

be illustrated in a drawing without being exaggerated —can

be perceived.

The various species of Pontodrilus are closely related

and a careful reconsideration of all the forms would prove

of great interest.

LIMNODRILIDyE.

Telmatodrilus Eisen.

A second species of this genus is not uncommon in Cali-

fornia, and it is not improbable that the two species were at

first confounded. The following definition will distinguish

the two species thus far known

:

Telmatodrilus Vejdovskyi Eisen.

Definitio7i. —Body stiff, sluggish, slightly tapering. Spermathecse opening

in front of and between the ventral fascicles of setae in X. The setje are

indistinctly uncinate.

Habitat. —Sierra Nevada Mountains, in the medium dry

soil of marshes and meadows, or in rotten logs in wet places.

This definition is drawn from my first description, the

type-specimens not being accessible. Beddard, in his

Monograph of Oligochgeta, page 263, gives a definition of

T. Vejdovskyi, differing in some respects from that originally

given by the author. His description is probably partly

based on specimens which I sent him in 1892. Beddard

states that the spermathecal pores open between the dorsal

and ventral bundles of setae, making it evident that he had
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before him not T. Vejdovskyi, but T. McGregori. The
specimens sent to Professor Beddard at his request were

not closely examined, hence the error.

Telmatodrilus McGregori, sp. nov.

Definition. —Body not stiff, less sluggish, and more tapering towards the

tail than in the former species. Spermathecae opening in front of and between

the ventral and lateral fascicles of setse in X. Setae distinctly uncinate, espec-

ially those of the ventral fascicles.

Habitat. —California, in the Sierra Nevada Mountains,

generally at high altitudes, lower in the northern part of the

State than in the southern. Specimens are in the collection

from the following localities: Castle Crag, Shasta County,

in an irrigation ditch close to the hotel; Phil Hope Spring,

about six miles east of the town of Coulterville, Mariposa

County, and a few miles north of Dog Town, at the top of

the gulch: 3^—Spring Meadow, on the east side of the

North Fork of King's River, Fresno County, at an altitude

of about 8,000 feet; in springs on the east side of Dinkey

Creek, Fresno County, a mile or so from Frank Dusey

Camp, near the head-waters of the creek, at an altitude of

6,000 feet.

The species is named for Richard C. McGregor, to whom
the author is indebted for many new species of Oligochaeta.

Detailed Description.

As will be seen, the principal character concerns the

spermathecal pores, which in T. McGregori are situated in

front of the lateral intervals, while in T. Vejdovskyi they

are found in front of the ventral interval.

Body. —Length in fully extended specimens 40 to 60 mm.,

width about i mm. Body strongly tapering towards the

tail. More slender and more active than T. Vejdovskyi.

SetcB. —Beginning with somite II, there are four fascicles

in every somite, each containing from 6 to 14 setse. The
setse of the lateral fascicles are indistinctly uncinate, while

those of the ventral fascicles are distinctly so. The anterior

setse, or those in somites II to IX inclusive, are larger than
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those following. The anterior fascicles have more setae

than the posterior ones, somite II having about 14 set^ in

the lateral fascicles and from 10 to 12 in the ventral ones.

This number gradually diminishes posteriorly, until in somite

IX there are about eight setae in the lateral fascicles and six

in the ventral. In somite XI and following the setse are

considerably smaller. The setae are more sigmoid and

more thickened in the middle than those in the former

species.

Pores. —The male pores are situated in somite XI, imme-

diately lateral and dorsal to the ventral fascicles of setae, and

in such close proximity that the setae just clear the male

pore, the pores and the fascicles thus being in the equator-

ial of the somite. The spermathecal pores are situated

half-way between the anterior margin of the somite and the

equatorial line between the ventral and lateral fascicles of

set£e. The pores of the nephridia are in line with the ven-

tral fascicles of setae and near to the anterior margin of the

somite.

Intestine. —There is a strong muscular pharynx but it

does not carry any suprapharyngeal gland. There is, how-

ever, a row of septal-pharyngeal glands opening into the

pharynx. These glands extend posteriorly to and include

somite VII. The most anterior gland is in IV, attached to

the anterior face of the septum III/IV. These glands are

principally developed ventrally and laterally, that in VII

ventrally only. The individual cells in these glands are

much separated, similar to those in EnchytrcBidcB. The
tubular intestine is narrow, nipped by the septa, and extends

to somite XI. In XII it enlarges into a sacculated intestine,

which is generally very large in XII, XIII and XIV, gradu-

ally narrowing down. The tubular intestine and the saccu-

lated intestine from somite XIV, posteriorly, are covered

with small chloragogen cells which are lacking in XII and

XIII.

Blood-vessels. —The perivisceral vessels in the anterior

somites gradually increase in size posteriorly, but the pairs

in X and XI are considerably larger, serving as heart-^-
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There is no heart-body. The dorsal vessel is generally,

but not always, situated on one side of the body. It is

much larger in XII and XIII.

Testes. —There is one pair of testes in somite X, occupy-

ing the usual position. They extend backwards and con-

nect with a median, dorsal sperm-sac, which extends to the

middle of somite XII.

Ovaries. —There is one pair of ovaries in somite XI, ex-

tending from the anterior septum backwards, and filling a

large part of the somite. The oviducts are very small; the

ovipores are in front of and in line with the ventral fascicles

of set£e in XII.

Sfermathecce. —The spermathecse are simple sacs, one-

half shorter than those figured for T. Vejdovskyi. They are

strongly muscular from the apex to the pore. There are no

spermatophores.

Sperm-ducts and Penis. —These organs, which open on<

XI, resemble those figured for T. Vejdovskyi. There is no

chitinous sheath in the penis, and I have reason to think

that there is none in the other species of this genus. The

atrium, into which open the many prostates, is always

strongly bent, either sideways, forwards or backwards. It

is strongly muscular, the muscular layer being circular.

The sperm-duct joins the atrium abruptly, and is about one-

third narrower. It descends downwards at once, with a few

slight folds, and then widens out to a flaring funnel which is

invested in the septum X/XI. The penis itself projects

alongside of a rather strong copulatory cushion situated

immediately dorsal to the male pore. Between it and the

ventral fascicle of setae there is a deep pit, through which

the penis is protruded. There are ten to fifteen prostate

glands of about the same diameter as the atrium.

Nefhridia. —There are no nephridia in the genital somites.

Posterior to the clitellum the nephridia commence in somite

XVI. Only the posterior nephridia are covered with large

bladder-like peritoneal cells.



ZooL—Vol. II.] ElSEN—OLtGOCll^TA. 2^>J

APPENDIX.

Methods of Collecting.

It is often inconvenient to dig for worms, the holes and casts of which can

be seen in abundance over the top of the ground. In such instances the

author has had recourse to one of two methods, either of which will cause the

worms to rapidly seek the surface of the soil. The first of these methods was

used by the Indians of California years ago, when Argilophilus species were

used for food. A long crowbar is driven vertically into the soil and worked

sideways for a few minutes, when the worms will leave their holes and come
to the surface, where they may easily be gathered up. They may also be

forced to come out of the ground by wetting the soil with a weak solution of

sulphate of iron in water. A teaspoonful of the sulphate dissolved in a bucket

of water and poured over the ground will soon cause the worms to make
their appearance. As the epidermis is irritated by this means, the specimens

should be preserved as soon as possible.

Care of the Worms.

Oligochseta may be safely transported alive for thousands of miles even in

tropical climates, providing sufficient care be taken. They can best be sent

in a closed box which is entirely filled with soil, thus preventing movement
from side to side. The soil must be moist, but never wet. The box with

soil should always be enclosed in a larger box, and the space between filled

in with wood shavings or " excelsior."

A better way is to use moss, especially sphagnum moss, instead of soil.

The moss should be soaked in water, then squeezed by hand until no more
water can be gotten from it. The box in which the worms are to be placed

should be packed full of the moss and placed in a larger box with damp moss
around it. Any water in the box v/ill cause the worms to die. No broken or

injured worms must ever be placed among the lot. Upon being received the

worms should be washed in clean water; they are then ready to be cleaned

from sand.

The author finds the quickest and most satisfactory way of freeing specimens

from sand is to place them in a wet handkerchief or other cloth of cotton or

linen. The cloth should be slightly wet and the worms wrapped up in it and

placed in a glass jar closely covered. If the jar be now placed in a perfectly

dark place the worms will crawl about and free themselves from sand. This

method was found to be more satisfactory than the use of blotting paper.

Narcotizing.

A good way of narcotizing the worms previous to killing them is to use

chloroform as recommended by Perrier. A few precautions are nesessary.

Only a couple of drops should be used, and must not be mixed with the water.

A disregard of these precautions will cause the worms to become distorted and

to burst open in places. The direct influence of the chloroform vapors also

has the same effect. It is best to place the specimens in a flat dish and cover

(ii) Jan. 15, 1900.



248 CALIFORNIA ACADEMYOFSCIENCES. [Proc. 3D Ser.

them well with water. In the center of the dish is placed a heavy but short

vial containing only a few drops of chloroform. The whole is covered with a

bell-jar. The chloroform may also be dropped on a piece of cotton or blot-

ting paper and placed on a large piece of cork floating on the surface of the

water, or simply left on the table. It must, however, never come in direct

contact with the water. In from fifteen minutes to two hours, or when the

worms are fully stretched out, they are ready to be killed with the fixative.

A method to be recommended in handling delicate and thin-skinned worms
is to place them in water to which from time to time are added a few drops of

a saturated solution of bichloride of mercury in water. In half an hour the

worms should be fully stretched out and ready to be fixed.

Fixatives and Imbedding.

The best and most practical fixative for Oligochaeta the author finds to be a

solution of bichromate of potassium with acetic acid, according to the follow-

ing formula:

—

Bichromate of potassium 3 parts.

Glacial acetic acid 6 parts.

Water 100 parts.

The worms are fixed in this solution for about twenty-four hours and after-

wards washed in running water for several hours until no trace is left of the

yellow color.

This fixative is cheap and easily carried on collecting trips; it has an advan-

tage over sublimate in being non-poisonous and requiring no iodification; it

allows of excellent staining and fixes better than sublimate-acetic.

A cheap fixative and preservative for the use of traveling collectors consists

of two per cent, of formaldehyde in 33 per cent, of alcohol. This preservative

allows of good staining and does not make the specimens brittle. It is, how-

ever, inferior to the sublimate-acetic and the bichromate-acetic fixatives.

The worms are dropped into the solution, which should be replaced by fresh

after twenty-four hours.

Worms which are to be sectioned lengthwise should not be as straight as

those which are to be sectioned transversely. If they are slightly curved it

is much easier to orientate their ventral and dorsal sides when placing them

in the paraffin imbedding. The worms curve either ventrally or dorsally, and

even the slightest curve will enable one to place them so that the sections

will pass directly through the dorsal and ventral line. Sections destined for

transvere sectioning should be perfectly straight. This is best accomplished

by placing them between thin glass rods.

As soon as the worms are dead and before they become stiffened place

them in a dry, shallow dish with a flat bottom. After straightening each

worm out place along side of it a round glass rod, as thick or slightly thicker

than the worm. By alternating worms and glass rods, the whole bottom of

the dish may be covered and the worms kept perfectly straight.

The fixative is at first applied slowly, drop by drop, so as not to disturb

the specimens; but as soon as they are sufficiently hardened they should be

entirely covered with the fixative. If the worms are large it may be neces-

sary to replace the liquid by fresh. More than four hours immersion is not

advisable.
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The after treatment offers no peculiarities and is understood by every biolo-

gist accustomed to laboratory work. The worms are preserved in alcohol

which should be changed as soon as it becomes yellow, or in a solution of

formaldehyde in water, or in a one per cent, solution of formaldehyde in

thirty per cent, of alcohol. Specimens should on no account be kept any

length of time in strong formaldehyde, as it greatly injures them.

Someworms contain sand or other hard substances, which must be gotten

rid of before sectioning. An easy method is to cut the specimen lengthwise

with a pair of fine scissors, and then to wash the sand from the intestine. In

this way one-half of the body may be sectioned lengthwise and the other half

transversely.

The sections are best mounted on slides by the alcoholic method (Eisen 23).

When the worms are removed to vials, they should be placed head down-
wards, in order to prevent this part from becoming accidentally dried. Do
not place too many specimens in one vial, as they will macerate and

become useless. If, however, space is limited and it is desirable to crowd
the specimens, the formalin solution may be changed several times until it

remains perfectly clear after standing for several days. The worms must be

hard and solid when stored away. It is very important that the vials should

be full of the solution, so that when turned about the worms will not move.

A piece of paper placed in the top of the vial will also prevent any shaking

up. Fill the vial full of liquid, drop a string down into the neck of the vial and

then insert a cork. Press down the cork and at the same time pull out the

string. The air in the bottle will escape and the cork can be pushed down
to the very liquid, thus leaving no room for air. Even comparatively small

air bubbles will allow the contents of the bottle to shake about, causing the

ruin of the specimens. The best paper to place in the bottles is soft white

tissue paper. Toilet paper will not do as it dissolves.

Whenglass vials are to be sent away they should always be packed in a

box which is enclosed in another box, with soft packing between the two.

A label of stiff paper on which is written in lead pencil the date and locality,

and whether collected in soil, in the mud of rivers, in moss, etc., should

always be placed inside the vial.

Disappearance of Native Species.

It is not my intention to enumerate here all the localities in which native

worms abide; indeed, they are to be found almost everywhere in the soil, and
in the banks and bottoms of rivers and streams. In collections received from

generous friends and donors it has often been a great disappointment to find

the large majority of the specimens to be worms imported from Europe,

instead of native species, which are the only ones of real interest to us.

Collectors generally hunt for earthworms in manure piles or in gardens, and
it is in just such places that the accidentally imported European worms flourish

to the exclusion of the native species. In California and in the southern

States generally, it is now almost impossible to find in rich garden soil and in

manure piles any other than common, European varieties.

Native Oligochaeta are to be found in the virgin soil of the country, far from

gardens and manure heaps; in the moist soil of gulches and mountain meadows;
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under native trees and shrubbery; in the mud of streams; under rotten and

decaying stumps and leaves in the forest; under moss and the rotting seaweeds

on the coast. It is in such localities that we must search for our native Oli-

gochaeta.

The large worms are generally the best known; the smallest have been

neglected, and it is principally among these latter that we may hope to find

new and interesting species. The small white worms so commonin the north

are but little known; so also are the forms found in the mud of rivers and

springs. On the Pacific Coast the native worms are generally of a pale gray

or flesh color. The European species are as a rule darker, the reddish or

brownish color being due to heavy pigments.

The reason for the European species supplanting the native forms is prob-

ably due to several causes. The former are much hardier and may be easily

transported from one locality to another without injury. They are less sensi-

tive to heat and light, which is probably due to their pigmentation. As a rule

they are adult all the year round, while the native species are adult only in the

first half of the rainy season; therefore the European species have a longer

breeding season and can better adapt themselves to climatic conditions. The
European worms seem to have grown up in the vicinity of man and have

accommodated themselves to his cultivation of the soil, which cultivation

drives the native worms away. While this refers especially to the worms in

our temperate regions, it is also the case in the highlands of Mexico and to

some extent in the tropics. The encroachment of the European Terricolae is

such that in time there will be few if any native species left. Of the smaller

foreign Liniicolide worms, but few seem as yet to have spread in this country.

It is of the greatest importance when collecting to remember the fact

that nearly all earthworms when adult possess a ditferent colored band —the

clitellum —on the anterior part of the body. If this band is not present the

species cannot be identified.

Methods of Indicating the Thickened Septa.

Many investigators satisfy themselves with simply describing some septa

as thickened. This, of course, does not indicate the relative thickness, and

if it be given in the text much time is consumed in committing it to memory.

The following method of indicating the relative thickness of the septa is sug-

gested by the author. Septa are to be indicated by Roman numerals, a bar

on top indicates that the whole septum is thickened, a bar below indicates

that it is thickened only below. One bar indicates twice the thickness

of the ordinary septum, and two or more bars indicate increased thickness.

"O" in place of the Roman numeral indicates that the septum is wanting.

A fraction in front of a numeral indicates that the septum is attached to

the center of the somite and does not correspond to the intersegmental

groove. For examples of this method the reader is referred to the descrip-

tions under species. A single bar may indicate that the septum is as thick

as two ordinary septa, a bar and a half ( ) may indicate that the

septum in question is one and one-half times thicker than an ordinary septum.

If the septum is thickest in the center, this may be indicated by diminishing

the bars toward both ends.
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SIGNIFICANCE OF REFERENCELETTERS.

a. ep. —

a.f.

am. cy. —

arch. s. —
bd. —
bd. w. —
bl. —
bl. cap. —
bl. m. —

bl. s. —
bl. V. —
br. —
bu. c. —
cal. —
cal. div. —
cal. gl. —
cap. —
caud. reg. —
caud. 2. —
c. b. c. —

c. c. —
cen. c. —
c. ep. —
chant. sex. gl.

chlo. —
cl. c. —
cl. gl. —
clit. —
cht. c. —
c. m. —
CO. bu. —
cce. —
coec. —

coel. ep. —
con. t. c. —
CO. p. —
cp. -
c.p. -
c.p. -
cr. —

epithelium in the an-

terior part of the

somite.

anterior fold of ne-
phridia.

amoebocytic chlorago-
gen cells.

archosomal structures

body-wall,

body-wall,

blood-sinus,

capillaries.

membrane of blood-
sinus.

blood-sinus,

blood-vessel,

brain.

copulatory bursa,

calcic concretions,

calciferous diverticle.

calciferous glands,

capillaries,

caudal region,

caudal zone,

cushion copulatory
bursa.

copulatory cushion,

central cell,

ciliated epithelial cells.

—discharge chamber
of sexual glands,

chloragogen cells,

clitellar cells,

clitellar glands,

clitellum.

clitellar cells,

circular muscles,

copulatory bursa,

ccecum.

coecal pouch of ne-

phridium.

coelomic epithelium,

connective tissue cells

copulatory papilla,

capillaries,

copulatory cushion,

copulatory papilla,

circular muscles.

cr.
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ly. t.

m.

m. c.

m. c.

nies.

ni. I.

ins.

m. ty. ca.

n. d.

neph.

nepli. p.

nephr. st.

n. gl.

n. St.

o. bu. c.

oe.

oes.

or.

or. cal.div.

or. sex. gl.

& setcs.

or. y. gl.

otos.

o. ov.

ov.

ov. I.

0V.2.&0VS.

ovd.

ovd. gl.

ovd. ov. I.

ovd. ov. 2.

ov.f.

p-
pa.
pa. y. gl.

pe.

p. ep.

per.
pert.

P-f.

p.f.
phx.
phx. gl.

po. b. c.

p.p.
pr.

— lymphatic tissue, or

lympiiatic glands.

— muscles.

— cell-cap.

— muscular cushion.

— mesenteries.

— muscular layers.

— muscular layer.

— intra-typhlosolar ca-

nals.

—nephridial duct.

— nephridium, or part

of nephridium.

—nephropore.

—nephrostome.

—nerve ganglion.

—nephrostome.

—orifice copulatory
bursa.

—oesophagus.

—oesophagus.

—orifice of diverticle.

—orifice calcic diverticle

orifice of sexual

—glands, etc.

—orifice of y-gland.

—otosome.

—orifice of ovary.
— ovary.
—anterior ovary.
—posterior ovary with

ovicells.

—oviduct.
—oviducal gland.
—oviduct of anterior

ovary.
—oviduct of posterior

ovary.
—oviducal funnel.
— penis.
—papilla.

—papilla of y-gland.
— penis.
—epithelium in the pos-

terior part of the so-

mite.
—peritoneum.
—peritoneum.
—posterior fold of ne-

phridium.
—posterior fold.

—pharynx.
—pharyngeal glands.
—pore copulatory bursa.
—papillce.

—prostate and divert-

icle.

pr.
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EXPLANATION OF PLATE V.

Pontoscolex corethrurus (Fr. Muller) mexicanus, subsp. nov.

Fig. I. Specimen natural size.

Fig. 2. Anterior somites, ventral view.

Fig. 3. Anterior somites, side view. The nephropores are seen to be in

front of the setae cd. Setse cd m II are further apart, larger and

also more dorsal than the corresponding setae in other somites.

Fig. 4. Anterior somites, side view. Prostomium retracted. More mag-

nified than figs. 2 and 3.

Fig. 5. Clitellar somites, side view, showing the tubercula pubertatis and

the enlarged glandular area around the setae.

Fig. 6. Part of the body-wall of the anterior somites spread out, showing

the location of anterior setae. There is no nephridium in III.

Setae cd in II are fiirther apart, larger and more dorsal than those

in III, IV, etc.

Fig. 7. A penial seta from clitellum.

Fig. 8. One of the spermathecae.

Fig. 9. Longitudinal section of the anterior somites. Zeiss a 2, Oc. 12.

{s) Much enlarged septum III/IV; (m) muscles to which are

attached the suprapharyngeal glands and muscles connecting this

septum with the body-wall. The former are fastened to the very

large septum separating III/IV.

Fig. 10. Part of the pharynx, showing the discharge-pockets of the unicell-

ular glands.

Fig. II. Longitudinal section of the body-wall of somites VII and VIII,

passing through the spermathecal and nephridial pores, showing

the opening of the former in the posterior part of the somite, in

front of the septum separating VII/VIII. Zeiss D., Oc. 2.

Fig. 12. A nephridium dissected out, from a somite next posterior to clitel-

lum; gl. p., glandular pouch; br., bridge of nephridium.

Fig. 13. The part surrounding the glandular pouch of another nephridium;

gl. p., glandular pouch; /., duct to the folds; n. d., narrow duct

connecting with the nephrostome.

Fig. 14. Section of the nephridial sphinxter at its interior end.

Fig. 15. Section of the nephridial sphinxter at its outer end, showing a cili-

ated inner epithelial lining.

Fig. 16. A part of the former figure more highly magnified.
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EXPLANATION OF PLATE VL

Pontoscolex corethrurus (Fr. Muller), mexicanus, subsp. nov.

Fig. 17. Longitudinal section of the body-wall in somite IV, showing the

arrangement of the muscular layers.

Fig. 18. Cross-section of part of the body-wall in somite IV. Zeiss D., Oc.

4. The letters indicate the same as in fig. 17.

Fig. 19. Cross-section of the body-wall in one of the clitellar somites, show-

ing tubercula pubertatis.

Fig. 20. A highly magnified part of the tubercula pubertatis, Zeiss ^^, Oc. 2.

Fig. 21. Part of the body-wall from the caudal zone, showing the various

epidermal cells.

Fig. 22. An isolated vibratory sense-cell.

Fig. 23. Cross-section of the worm, one of the somites containing calciferous

diverticles.



Ero: CalAcad.Bcl3° Sep. ZddlVdl
[Eisen] Rate VI



262 CALIFORNIA ACADEMYOFSCIENCES. [Proc. 3D Ser.

EXPLy\NATION OF PLATE VII.

Pontoscolex corethrurus (Fr. Muller) mexicanus, subsp. nov.

Fig. 24. Cross-section of a calciferous diverticle. Zeiss Apo. 2 mm., 1.40,

Oc. 4.

Fig. 25. Cross-section of a calciferous diverticle at its connection with the

intestine.

Fig. 26. Longitudinal section of the tubular intestine, where it opens into

the sacculated intestine, showing the thickened transverse muscu-

lar layer in somites XVI and XVII; ep., epithelial cells; those in

XVII ciliated.

Eudrilus Eugenics (Kinberg).

Fig. 27. Specimen natural size.

Fig. 28. Anterior somites, dorsal view.

Fig. 29. Clitellar somites, ventral view.

Fig. 30. Exterior male apparatus, the copulatory bursa everted (side view).

The narrow crescent-shaped penis is seen to encircle the large

papilla on which opens the Y-gland. This papilla is contracted

at the middle and pointed at each end.

Fig. 31. Male copulatory apparatus with the bursa everted (front view).

Letters same as in fig. 30.

Fig. 32. A male copulatory apparatus with only partly everted bursa (front

view).

Fig. 33. The same as above, side view, showing the groove, beginning

about half-way between apex and base. The pore of the prostate

is near the apex.

Fig. 34. Apex of penis showing groove and pore of prostate.

Pontoscolex corethrurus (Fr. Muller) niexicanus, subsp. nov.

Fig. 35. Lacking.

Fig. 36a. Section of intestine showing typhlosole.

Fig. 363. Detail of the typhlosole.

Fig. 37. Transverse section of the upper part of the typhlosolar region,

including dorsal vessel, the chloragogen cells and intra-typhlosolar

canals; Zeiss Apo. 2 mm., Oc. 4; (a), the whole upper region

with a single central intra-typhlosolar canal; (b), a section of the

same region, but with two canals of unequal size; (c), a section

where an intra-typhlosolar canal opens into the upper part of the

intestine. Only part of the details are carried out, the indicated

parts being similar to those of fig. 37a/ in. ty. ca. , intra-typhlo-

solar canals; inv. cr. m., invagination of circular muscular layer

around the typhlosole.

Fig. 38. Lacking.

Eudrilus Eugenics (Kinberg).

Fig- 39- The two median diverticles of the intestine in somites X, XI, show-

ing the very narrow connection with the intestine as well as their

relative size (longitudinal section); sub. in. v. subintestinal ves-

sel, not divided in any part of the somite.
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EXPLANATION OF PLATE VIIL

Eudrilus Eugenics (Kin berg).

Fig. 40. Transverse section of a median calciferous diverticle of the intestine.

The section passes through the junction with the intestine.

Fig. 41. Transverse section of the median diverticle of the intestine. Only

a few of the numerous calcic crystals figured.

Fig. 42. Subintestinal vessel surrounded by lymphatic tissue. The dark

dots represent nuclei. Zeiss AA., Comp. Oc. 6.

Fig. 43. A highly magnified detail of the former. The solid black repre-

sents blood. Zeiss, Apo. 2 mm. Comp. Oc. 4.

Fig. 44. Male apparatus, in longitudinal section. The figure is constructed

from a number of sections and is to some degree diagrammatic.

The section does not show the free, external parts of the organ;

div. pr. , diverticle of the prostate joining the main prostate at the

point X; e. sp.d., entrance of sperm-ducts into the main prostate;

jn. s. , muscular layers of prostate enclosing both the main pros-

tate and its diverticle; p., section of penis. The large central

lumen is the duct from the prostate. Below this is seen a T-

shaped groove. The Y-gland opens out just opposite this groove

at X • The junction of the central canal in the penis and the T-

shaped groove is found much nearer the apex of the penis, and

is not shown in the figure; co. m. c, copulatory muscular cushion,

the inner wall of the lumen.

Fig. 45. A transverse and sagittal section through the copulatory male pore,

showing the ducts. The figure is constructed from three sec-

tions. The details are diagrammatic; pr. d., duct from prostate

below junction of the diverticle and the main prostate; pr., sec-

tion of the prostate above its junction with the diverticle. The
dotted lines indicate the outlines of the prostate between the two

sections; l.gro., lumen of groove running along the exterior of

the penis. This groove connects with the lumen of the penis

nearer its apex, which is twisted. The section has passed

through an apparent, but not a real opening in the wall. A real

opening does not exist; or. y. gl., pore of the Y-gland, opposite

the external penial groove.

Fig. 46. A more highly magnified detail of fig. 44, representing the pore of

the Y-gland and the groove of the penis; t. gr., T-shaped groove

in the penis, on the side of the papilla; c. c, copulatory cushion

following the inner wall of the bursa; bu. c, copulatory bursa;

o. bu. c, opening of copulatory bursa.

Fig. 47. Cross-section of the prostate at the point where the sperm-ducts

enter the prostate.

Fig. 48. A cross-section of the body in somite XVII, passing through the

pore of the copulatory bursa; c. b. c, cushion of bursa, strongly

muscular; po. b. c, pore of bursa, the latter retracted below the

outline of the body; gr., exterior groove in penis, cut through in

such a way as to appear a single pocket; d. y. gl., duct of Y-gland,

near the pore; or. y. gl., pore of Y-gland, the dots indicate its

appearance in succeeding sections.





266 CALIFORNIA ACADEMYOFSCIENCES. [Proc. 3D Ser.

^
EXPLANATION OF PLATE IX.

Eudrilus Eiigenice (Kinberg).

Fig. 49. Longitudinal section of the female apparatus, constructed from a

number of longitudinal sections of the body; ov. 2, posterior

ovary in XIII; ov. i, anterior ovary in XIII; ovd. ov. 2, oviduct

from posterior ovary, connecting at X with the spermatheca; ovd.

ov. /, oviduct from anterior ovary.

Fig. 50. A transverse section of the body, constructed from small sections

passing through the female apparatus. Letters as in fig. 49.

Figs- 51-54- Lacking.

Ocnerodrilus (Nematogenia) lacuum Beddard, panamaensis var. nov.

Fig. 55. A specimen natural size, fixed in formalin.

Fig. 56. The anterior somites, constructed from several longitudinal sections.

Details only indicated; ly. gl. lymphatic tissue; i. li., inner lips of

pharynx.

Fig. 57. Spermatheca.

Fig. 58. Section of the wall of the pouch of the spermatheca, showing the

wide terminal pockets of the secreting cells; Zeiss, Apo. 2 mm.,
Oc. 4.

Fig. 59. Surface view of the two prostates and part of the sperm-ducts,

illustrating the muscular and glandular parts, their size and

position.

Fig. 60. A dissected prostate, showing copulatory papilla, with pores of

sperm-duct and prostate, the former opening posterior to the

prostate.

Fig. 61. Surface view of one of the male papillae, showing the openings of

the sperm-ducts and prostates close to each other.

Fig. 62. Detail of a transverse section of the body-wall through the male

and prostate pores. The former is dotted.

Fig. 63. Section of the prostate in somite nearest the male pore; muscular

and connective tissue layers as well as epithelial glandular cells,

with large discharge pockets.

Fig. 64. Section through prostate in the fourth segment fropi the male pore.

Two kinds of glandular cells, some very large, others quite nar-

row. The latter resemble those found in the glandular part of the

prostate. The part through which this section passes does not

belong to the glandular part of the prostate, but to the muscular

part. The large glandular cells are absent from the strictly gland-

ular part, in which all the cells are columnar and narrow.

Fig. 65. Part of the septal gland in somite VIII, with lymphatic tissue and

lymphocytes along the margin; Zeiss D., Oc. 6.

Fig. 66. Lacking.

Fig. 67. Nephridium.
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EXPLANATION OF PLATE X.

Benhamia Bolavi Michaelsen, pacifica, var. nov.

Fig. 68. The ventral sexual zone, showing the fossae, the prostate pores
with penial setae, and the oviduct pores in the center of XIV.

Fig. 69. A spermatheca, rare form.

Fig. 70. A spermatheca, common form.

Fig. 71. Apex of the longer penial seta.

Fig. 72. Shorter penial seta front view a; side views b and c.

Fig. 73. Section through the junction of the calciferous diverticles with the
intestine. The section is tangential to the intestine.

Benhamia Bolavi Michaelsen, var. palmicola Eisen.

Fig. 74. Section through calciferous diverticle.

Benhamia papillata Eisen.

Fig. 75. Section through calciferous diverticle.

Benham,ia nana Eisen.

Fig. 76. Section through calciferous diverticles.

Benham,ia papillata Eisen, hawaiiensis, var. nov.

Fig. 77. Nephridia in two succeeding somites, showing the outlines of the
ccelomic mantles.

Fig. 78. A spermatheca.
Fig. 79. Apex of larger penial seta.

Benham,ia papillata Eisen.

Fig. 80. Nephridia of two succeeding somites, showing outlines of the
coelomic mantles.

Fig. 81. Spermatheca.
Dichogaster Crawi, sp. nov.

Fig. 82. A specimen natural size.

Fig. 83. The three anterior somites and prostomium (dorsal view). The
very diminutive somite I is entirely hidden between prostomium
and somite II. It can be clearly demonstrated in sections only.

Fig. 84. Anterior somites, ventral view. Genital region and the deltoid

arrangement of the setae.

Fig. 85. Genital region, more magnified. The zone is sunk, but the two
central papillae project as high as the body- wall surrounding the
zone.

Fig. 86. A more magnified view of one of the genital papillae, showing the
branched deep groove, in the upper end of which open the pros-

tate and sperm-ducts.

Fig. 87. Two of the largest penial setae, from one sac. The largest seta is

more wavy at the apex and the spur is shorter.

Fig. 88. One of the common setae, showing the general outline a; the
ornamented apex b.

Fig. 89. A spermatheca, the diverticle pointed forwards.

Fig. 90. Two somites on one side of the ventral ganglion, showing the

micro-nephridia arranged as four flaps.

Fig. 91. Anterior somites (longitudinal section;; corrosive sublimate. Zeiss

AA-, Oc. 4; t. c, taste-cells in the epithelium. The small, round
dots at the base of the narrow epithelial cells represent light-cells

lips, inner circular lips, with clear sac-like cells. At the anterior

end of the lips are seen bunches of taste-cells.

Fig. 92. Longitudinal section of the calciferous diverticles, parallel to the

surface of the intestine. The two anterior diverticles are seen to

be only folds of one sac, while the posterior diverticle is connected
with the former by a narrow ciliated duct, which also serves as

a duct for the anterior diverticular folds; d. c. d., duct of calciferous

diverticle.

Fig. 93. Longitudinal section passing through the duct of the calciferous

diverticle, just cutting into the intestine; or., orifice of diverticles.

Fig. 94. Longitudinal section of the body-wall in the genital somites XVI-
XVIII. Genital papilla in XVII, constructed from two sections.
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